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Abstract
Atypical responses to sensory input are increasingly recognized as a common feature of autism spectrum
disorders (ASDs). These unusual sensory responses have also been found among children with other
developmental disabilities (DDs), and research has been mixed regarding the specificity of sensory
dysfunction in autism. Furthermore, very little attention has been given to differences or similarities between
Autistic Disorder (AD) and Pervasive Developmental Disorder, Not Otherwise Specified (PDD-NOS) in
sensory symptom presentations. Moreover, despite the widespread presence of sensory abnormalities in
ASDs, there is a dearth of research regarding the behavioral sequelae of sensory dysfunction in this
population. The original Sensory Profile (SP) and the Infant/Toddler Sensory Profile (ITSP) were utilized for
measuring sensory symptoms and yielded factor, section, and quadrant scores. Initially, as quadrant scores
have not been explored with a clinic-referred sample, the validity of Dunn's (1997) quadrant model was
examined with a combined sample of clinic-referred children with AD, PDD-NOS, and other DDs, between
18-71 months of age. Results provided no support for a quadrant model, instead supporting a one-factor
model. Quadrant scores were thus not used in additional analyses. Next, the sensory functioning of three
groups of children (AD, PDDNOS, other DDs) was compared. Results were largely unsupportive of sensory
dysfunction specificity among children with ASDs relative to the DD group, and no differences were noted
between AD and PDD-NOS groups. Finally, the relationship between sensory symptoms and Internalizing/
Externalizing Problems scores on the Child Behavior Checklist (CBCL) was investigated for the combined
sample, yielding a significant positive relationship. For the SP, Vestibular and Emotionally Reactive scores
predicted internalizing behaviors; and Touch and Sensory Seeking scores predicted externalizing behaviors.
For the ITSP, Auditory, Tactile, Low Threshold-Context, Avoiding, and Low Registration scores predicted
internalizing behaviors; and Tactile, Seeking, and Low Registration scores predicted externalizing behaviors.
In conclusion, results supported neither the validity of Dunn's quadrant model nor the specificity of sensory
dysfunction in autism. However, results indicated a link between sensory symptoms and problematic
behaviors, with important implications for the multidisciplinary assessment and treatment of children with
ASDs and other DDs.
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ABSTRACT 
Atypical responses to sensory input are increasingly recognized as a common feature of 
autism spectrum disorders (ASDs). These unusual sensory responses have also been 
found among children with other developmental disabilities (DDs), and research has been 
mixed regarding the specificity of sensory dysfunction in autism. Furthermore, very little 
attention has been given to differences or similarities between Autistic Disorder (AD) and 
Pervasive Developmental Disorder, Not Otherwise Specified (PDD-NOS) in sensory 
symptom presentations. Moreover, despite the widespread presence of sensory 
abnormalities in ASDs, there is a dearth of research regarding the behavioral sequelae of 
sensory dysfunction in this population. The original Sensory Profile (SP) and the 
Infant/Toddler Sensory Profile (ITSP) were utilized for measuring sensory symptoms and 
yielded factor, section, and quadrant scores. Initially, as quadrant scores have not been 
explored with a clinic-referred sample, the validity of Dunn's (1997) quadrant model was 
examined with a combined sample of clinic-referred children with AD, PDD-NOS, and 
other DDs, between 18-71 months of age. Results provided no support for a quadrant 
model, instead supporting a one-factor model. Quadrant scores were thus not used ~n 
additional analyses. Next, the sensory functioning ofthree groups of children (AD, PDD-
NOS, other DDs) was compared. Results were largely unsupportive of sensory 
dysfunction specificity among children with ASDs relative to the DD group, and no 
differences were noted between AD and PDD-NOS groups. Finally, the relationship 
between sensory symptoms and Internalizing/Externalizing Problems scores on the Child 
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Behavior Checklist (CBCL) was investigated for the combined sample, yielding a 
significant positive relationship. For the SP, Vestibular and Emotionally Reactive scores 
predicted internalizing behaviors; and Touch and Sensory Seeking scores predicted 
externalizing behaviors. For the ITSP, Auditory, Tactile, Low Threshold-Context, 
Avoiding, and Low Registration scores predicted internalizing behaviors; and Tactile, 
Seeking, and Low Registration scores predicted externalizing behaviors. Iri conclusion, 
results supported neither the validity of Dunn's quadrant model nor the specificity of 
sensory dysfunction in autism. However, results indicated a link between sensory 
symptoms and problematic behaviors, with important implications for the 
multidisciplinary assessment and treatment of children with ASDs and other DDs. 
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INTRODUCTION 
The Diagnostic and Statistical Manual of Mental Disorders, 4th edition, text 
revision (DSM-N-TR; American Psychiatric Association [APA], 2000) states that 
Pervasive Developmental Disorders (PDDs) are characterized by impairments in multiple 
areas of development, including communication and social interaction, and include the 
presence of stereotyped and repetitive behaviors and interests. Onset of aPDD is 
typically within the first 2 years of a child's life CAP A). PDDs include the Autism 
Spectrum Disorders (ASDs) of Autistic Disorder (AD), Asperger's Disorder, and _ 
Pervasive Developmental Disorder, Not Otherwise Specified (PDD-NOS), as well as 
Rett's Disorder and Childhood Disintegrative Disorder. The latter two diagnoses are both 
quite rare and different from the other ASDs in multiple ways; therefore, they will not be 
included in subsequent sections ofthis paper. The current prevalence rates for AD are 
approximately 13 in 10,000. Prevalence rates for PDD-NOS are 20 per 10,000, and 
prevalence estimates for Asperger's Disorder are 2 in 10,000 (Fombonne, 2005). 
Although the current study will focus broadly on ASDs, much of the existing research in 
this area has focused primarily on AD and PDD-NOS; however, information regarding 
Asperger's Disorder will be included in the ensuing literature review where available. 
In comparison to other ASDs, individuals with AD are generally more impaired. 
AD symptomatology must present before the age of3, and there are impairments in 
social interaction and communication, as well as restricted repetitive and stereotyped 
patterns of behavior, interests, and activities CAP A, 2000). Additionally, AD often co-
1 
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occurs with overall developmental delays, resulting in a high comorbidity rate between 
AD and Mental Retardation (AP A). Similarly, Asperger's Disorder is characterized by 
repetitive and stereotyped behaviors, interests, and activities as well as impairments in 
social interaction. However, in contrast to AD, Asperger's Disorder does not involve 
either language delay or developmental delay. Finally, PDD-NOS is often diagnosed for 
individuals who present with atypical symptomatoloty, subthreshold symptomatology, or 
who have a late age at onset of symptoms (AP A). 
Empirical evidence, clinical [mdings, and first-hand accounts have supported the 
existence of unusual responses to sensory stimuli in ASDs (Rogers & Ozonoff, 2005). 
For the convenience ofthe reader, the following terms are defined before continuing the 
present discussion: sensory processing, sensory modulation, sensory abnormalities, 
sensory symptoms, and over- or under-arousal. Sensory processing is defined as "the 
brain's ability to receive and interpret sensation" (Daniels & Dunn~ 2000, pp. 86-87). 
Sensory modulation refers to one's ability to effectively and appropriately regulate their 
internal responses to sensory input (Dunn, 1994). Sensory abnormalities and sensory 
symptoms can be used interchangeably to refer to aberrant responses to sensory 
information. Sensory symptoms can be conceptualized as arising from difficulties in 
sensory processing. Moreover, difficulties in either processing or modulation result in 
over- or under-arousal in response to sensory stimulation. Over-arousal refers to a 
behavioral or physiological response to incoming stimuli that is greater in degree than is 
normative; conversely, under-arousal refers to a physiological or behavioral response to 
sensory input that is lesser in degree than is normative. 
2 
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It is estimated that between 30% and 100% of children with ASDs have sensory 
abnormalities, based on research, clinical reports, and firsthand accounts (W atling~ Deitz, 
& White, 2001). Based on these prevalence estimates, some researchers have proposed 
that sensory-perceptual abnormalities are a core feature in ASDs (O'Neill & Jones, 1997; 
Kern et aI., 2007) despite the absence of these abnormalities from diagnostic 
classification schemes. Various theories regarding aberrant responses to sensory input 
have been proposed. Theories of importance to the present study include over-arousal and 
under-arousal theories. According to O'Neill and Jones (1997), over-arousal occurs in an 
individual with a low threshold of reactivity to sensory input. Under-arousal, in contrast, 
reflects a high threshold of reactivity. Children who are over-aroused respond more 
readily to less intense stimulation and are much slower to habituate to environmental 
stimulation than are children with normative responses to sensory input. Consequently, 
these children frequently experience over-stimulation. Under-aroused' children, however, 
require greater stimulation from the environment for reactivity, and are therefore often 
under-stimulated. 
3 
LITERATURE REVIEW 
The following review will illustrate the nature and patterns of sensory 
abnormalities in children with an ASD. These abnormalities-will be considered relative to 
typically developing children, children with other developmental differences, and within 
the spectrum of ASDs. Given the widespread acceptance of over- and under-arousal 
theories in describing sensory abnormalities, the current review will highlight sensory 
symptoms according to the relevant supporting theory. Finally, I will review the literature 
regarding behavioral features in ASDs as these relate to sensory symptoms. 
Sensory Symptoms in Children with an ASD 
Sensory Symptoms in Children with ASDs Relative to Typically-Developing Children 
Higher overall rates of sensory symptoms are consistently reported in children 
with ASDs relative to typically developing children. For example, Baranek, David, Poe, 
Stone, and Watson (2006) found that 69% of a sample of children with AD had a total 
mean score on the Sensory Experiences Questionnaire (a caregiver-report measure 
designed by the authors to assess a child's behavioral response to sensory input) greater 
than I standard deviation above the mean for the typically developing children, indicating 
greater symptomatology. Moreover, in an early study, Wing (1969) found that children 
with early childhood autism (i.e., Kanner's Infantile Autism) differed significantly from 
typically developing children on a sensory history questionnaire developed for the 
purpose of her study. Specifically, the children with autism achieved significantly higher 
scores on the auditory and visual perception scales, indicating a notable degree of 
4 
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abnormality with regard to perception. Additionally, research comparing children with 
Asperger's Disorder to children who are typically developing on a parent-report 
questionnaire designed to measure a child's sensory processing, the Sensory Profile 
(Dunn, 1999), indicated that children with Asperger's Disorder evidenced poorer sensory 
modulation and increased sensory symptoms than typically developing children (Dunn, 
Myles, & Orr, 2002). 
Kientz and Dunn (1997) fOlmd that 85% of the items on an early version of the 
Sensory Profile differentiated the sensory processing abilities of children with or without 
an ASD. Specifically; the researchers found that children with autism (AD and PDD-
NOS) evidenced increased difficulty with sensory modulation in tactile, auditory, and 
vestibular systems. Additionally, under-arousal to sensory input was found to be more 
characteristic of children with autism as compared with typically developing children~ 
Interestingly, the researchers did not find that anyone behavior characterized children 
with autism (as measured by an 80% response rate), suggesting variability in the sensory 
processing abilities of children with autism. Similarly, Kern et al. (2007a) found that 
children with autism scored significantly different from typically-developing children on 
the four quadrant scores of the Sensory Profile, evidencing greater sensory abnormalities 
in each area of sensory processing. 
Using their caregiver-report questionnaire, the Sensory Sensitivity Questionnaire-
Revised, Talay-Ongan and Wood (2000) investigated differences in ~ensory sensitivities 
across auditory, tactile, visual, gustatory, and vestibular domains. Participants were 
typically developing children or children with unspecified autism matched on age and 
gender. Within each of the sensory modalities, children with autism evidenced 
5 
significantly greater sensitivities relative to the control group. With regard to auditory 
processing, children with autism demonstrated hyper-acuity (i.e., over-arousal) in 
general, excluding parental voice, in which children evidenced hypo-acuity. Other 
specific symptoms found in children with autism included visual fixation, 
unresponsiveness to extremes oftemperature (i.e., under-arousal), exceptional balance 
skills, and picky eating in comparison to typical controls. An interesting finding of this 
study is that sensory sensitivities increased as children got older. The researchers 
hypothesized that this finding may reflect a greater ability for older children to exhibit the 
behavioral indicators of sensory sensitivity rather than a true increase in sensory 
sensitivities. 
Bernal and Miller (1971) examined electrodermal and cardiac responses to 
repeated trials of visual and auditory stimuli in both children with autism (i.e., "childhood 
schizophrenia of the autistic type," p. 157) and typically-developing children matched for 
chronological age. The researchers found that children with autism evidenced less 
responsivity to the auditory and visual stimuli than did typically developing children, but 
that there was no difference between groups in habituation following the first 3 trials. 
Specifically, the autism group had a lower magnitUde galvanic skin response to both the 
initial stimulus and the highest intensity stimulus relative to controls, consistent with 
under-arousal. Additionally, Rosenblum et al. (1980) evaluated brainstem evoked 
responses to auditory stimuli in a group of children with AD compared to a group of 
typically developing controls matched for age and gender. Results indicated increased 
latency in responsiveness to the stimuli in the AD group as compared to the control 
group, again suggesting under-arousal. 
6 
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Watling, Deitz, and White (2001) found that young children with autism (AD and 
PDD, ages 3-6) performed significantly different from typical controls on 8 of 10 factors 
of the Sensory Profile. The factors on which children with autism scored lower (i.e., more 
symptoms) than typically developing children are the following: Sensory Seeking, 
Emotionally Reactive, Low Endurance/Tone, Oral Sensitivity, InattentionlDistractibility, 
Poor Registration, Fine Motor/Perceptual, and Other. These findings, according to the 
factor descriptions, support both under-arousal (i.e., Poor Registration) and over-arousal 
(i.e., Oral Sensitivity). Notably, similar to other findings in the research literature, scores 
of the children with autism tended to be more widely distributed than those ofthe 
children without disabilities, highlighting the variability in sensory responses of these 
children. 
Moreover, in terms of auditory processing, Ceponiene et al. (2003) measured 
event-related brain potentials to examine both attentional and auditory processing of 
stimuli of various complexity in children with high-functioning AD as compared to 
typically developing children matched for chronological age. The researchers found that 
sound processing was intact in both children with AD and those with typical 
development, and was not affected by complexity ofthe sound or the quality of 
"speechness" of the sound (i.e., vowels). However, children with AD evidenced reduced 
attentional orienting, as compared to typically developing children, to sound changes 
involving vowel sounds exclusively. The findings ofthis study are contrasted with the 
findings of a similar study examining auditory processing in low-functioning individuals 
with AD relative to typical controls matched for age and gender (Tecchio, 2003). In this 
study, the researchers examined the early stages of auditory sensory processing utilizing 
7 
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magnetoencephalographic recordings and found that individuals with AD exhibited 
abnormalities in auditory processing at the early stages of cortical auditory 
discrimination. The differences in results from these studies, among other factors, may be . 
due to developmental maturation, in that intact auditory processing was found in high-
functioning children with AD (i.e., those with a higher developmental level), whereas 
impaired processing was found in low-fllllctioning individuals with AD (i.e., those with a 
lower developmental level). 
Blakemore et al. (2006) conducted a study to examine tactile sensitivity in adults 
with Asperger's Disorder and typically developing adults, matched for age and IQ. In 
their first experiment, the researchers measured tactile perceptual thresholds and found 
that adults with Asperger's Disorder evidenced significantly lower thresholds (i.e., over-
arousal) at a higher frequency (200 Hz) than did the typical control group. However, 
there were no differences between groups with responsiveness to the lower frequency 
vibration (30 Hz). Both groups demonstrated a lower threshold at 200 Hz than at 30 Hz, 
but this difference was only significant for the Asperger's group. In their second 
experiment, Blakemore et al. examined whether tickle sensation is rated as more intense 
and tickly in the Asperger's group. Results indicated that, in comparison to the typical 
control group, the Asperger's group rated the tickle sensation (both extemally- and self-
produced) as more tickly and intense than did the control group. These results of these 
experiments demonstrate tactile hypersensitivity, but only in response to one class of 
stimulus (e.g., 200 Hz). 
8 
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Sensory Symptoms in Children with ASDs Relative to Children with other Disabilities 
The extant literature regarding sensory abnormalities in ASDs provides equivocal 
support for the specificity of sensory dysfunction in autism. Some studies have found 
significant differences in sensory symptoms between children with an ASD and children 
with other developmental disabilities, others have found no such differences, and still 
others have found both similarities and differences. 
In support of the specificity of sensory symptoms in ASDs, some researchers have 
found that preschool aged children with AD evidenced a greater degree of unusual 
sensory behaviors than did children with either language disorders or developmental 
delay (Lord, Storoschuk, Rutter, & Pickles, 1993; Lord, Rutter, & Le Couteur, 1994) .. 
Similarly, Baranek et al. (2006) found that children with autism (AD and PDD-NOS) 
evidenced greater sensory symptomatology overall than children with developmental 
delay or mental retardation, children with other developmental disabilities, and typically 
developing children on the Sensory Experiences Questionnaire, a questionnaire 
developed by the researchers to illuminate patterns of under- or over-responsiveness to 
sensory stimuli in children with an ASD. 
In a study that investigated the utility ofthe Sensory Profile in discriminating 
between children with and without disabilities, and between those with disabilities (Le., 
ADIPDD-NOS and Attention-DeficitlHyperactivity Disorder [ADHDJ) (Ermer & Dunn, 
1998), results indicated that the Sensory Profile adequately distinguished between 
children with different disabilities, and between those with and without disabilities. In 
particular, children with ADIPDD-NOS scored most differently from the typically 
developing and ADHD groups by demonstrating a low incidence of sensory seeking 
9 
---- - - -- -- - - -----
behaviors accompanied by a high incidence of oral sensitivity, inattention and 
distractibility, and fine motor/perceptual symptoms, indicative of over-arousal according 
to Dunn's (1999) Sensory Profile interpretive scheme. Consequently, the results ofthis 
study provide support for the specificity of sensory symptoms in ASDs in comparison to 
both typically developing children and children with ADHD. 
When examining other comparison groups, however, specificity is no longer 
clear. For example, Wing (1969), in a study comparing children with AD to children with 
Down syndrome, receptive aphasia (i.e., receptive language difficulties), executive 
aphasia (i.e., expressive language difficulties), and both partial blindness and partial 
deafness, found both similarities and differences between groups in tenns of auditory and 
visual perception. Specifically, children with AD evidenced significantly different 
auditory and visual perception from children with Down syndrome and expressive 
language difficulties; however, they scored similarly to children with partial blindness 
and deafness in both domains, and similar to children with receptive language difficulties 
in terms of auditory perception only. Additionally, Rogers, Hepburn, and Wehner (2003) 
examined sensory reactivity in four groups of young children (AD, fragile X syndrome, 
developmental disabilities of mixed etiology, and typically developing) using the total 
score and seven section scores (e.g., tactile sensitivity, underresponsive, visual/auditory 
sensitivity) of the Short Sensory Profile (Dunn, 1999). Results indicated that children 
with AD and children with fragile X syndrome evidenced significantly more sensory 
symptoms than did either children with other developmental delays or those who were 
typically developing. Moreover, there were no significant differences between children 
with autism and children with fragile X syndrome in terms of sensory symptomatology. 
10 
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In a study of electrodennal response to auditory stimuli, Stevens and Gruzelier 
(1984) compared children with unspecified autism (i.e., no clear designation of the ASD 
category used by the researchers) to children with either mental retardation or those with 
typical development, matched by age and gender. The only robust differences between 
children with autism and the other comparison groups were longer response latencies and 
longer response rise times, possibly indicative of delayed registration of stimuli, 
suggesting under-arousal. There were no differences in habituation or orienting 
responses. Interestingly, participants did not differ in response latency or response rise 
time when they were matched for developmental level, suggesting that developmental 
level is an important factor in sensory symptoms. Similarly, Stone and Hogan (1993) 
found that, on the Parent Interview for Autism (a comprehensive interview measure for 
identifying children with ASDs ata preschool-age or younger), the sensory items did not 
distinguish between children with an ASD and those with mental retardation. 
In another study examining event-related brain potentials to auditory tones that 
varied in pitch and volume among high-functioning children with AD, children with 
Receptive Developmental Language Disorder (RDLD), and typically developing 
children, both clinical groups evidenced decreased processing of changes in volume 
compared to the typical group, suggestive of an under-aroused state (Lincoln, 
Courchesne, Hanns, & Allen, 1995). The authors conclude that these findings provide 
partial support for difficulties in processing intensity of auditory stimuli in both children 
with autism and children with RDLD. Similar to other studies noted ~n this review, this 
study indicates greater variability in the responses of children with autism compared to 
other groups, suggestive of heterogeneity in sensory processing abilities. 
11 
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Sensory Symptoms within ASDs 
Compared to research examining similarities and differences in sensory 
symptoms between children with ASDs and those with other disabilities or those with 
typical development, much less research has been conducted to explore similarities and 
differences in sensory symptoms between groups of children along the autism spectrum 
(e.g., comparing children with AD to children with PDD-NOS). In fact, only three studies 
have examined the relationship of sensory patterns between children along the autism 
spectrum. In the earliest study investigating this relationship, Kientz and Dunn (1997) 
examined performance of children with AD, PDD-NOS, and typical development on the 
Sensory Profile. They found no significant group differences between children diagnosed 
with AD and those diagnosed with PDD-NOS on an item analysis. Similarly, Baranek et 
al. (2006) found no significant differences between children with AD and those with 
PDD-NOS on the Sensory Experiences Questionnaire. 
In contrast to the above findings, research examining sensory differences between 
children with AD and those with Asperger's Disorder (Myles et aI., 2004), yielded some 
differences between the two groups. In particular, children with Asperger's Disorder 
evidenced greater symptomatology on the Emotional/Social Responses section score and 
on the Emotionally Reactive and InattentioniDistractibility factor scores of the Sensory 
Profile, reflecting poorer performance in terms of psychosocial coping strategies, 
affective responses to sensory experiences, and distractibility. Based on these findings, 
the researchers propose that children with Asperger's Disorder are more likely to 
experience sensory overload (e.g., Emotional/Social Responses and Emotionally 
Reactive) than are children with AD, and experience attentional challenges associated 
12 
--------- ----~.. - - ----_._--. __ .. -. - ..... 
- - .------ .--- - -_._. _- --_ .... 
with auditory processing difficulties (InattentionlDistractibility). Aside from these 
differences, results of this study largely support similar profiles and sensory responses 
between children with AD and those with Asperger's Disorder. 
In a similar vein, other studies have explored sensory patterns between children 
with high-functioning and low-functioning AD. In one such study, Kootz, Marinelli, and 
Cohen (1982) .examined cardiovascular responses to enviro:milental stimulation in 
children with AD who were grouped into a high-functioning subgroup and a low-
functioning subgroup on the basis of scores on the Peabody Picture Vocabulary Test 
(Durm, 1959). Results indicated that the low-functioning group evidenced cardiovascular 
. responses indicative of sensory rejection, whereas the high-functioning group 
demonstrated cardiovascular responses indicative of sensory intake, as measured by 
physiological recordings of peripheral blood flow and peripheral vascular resistance. That 
is, the low-functioning group responded to external stimulation by directing their 
attention internally (rejection). This is in contrast to the high-functioning group who 
tended to direct their attention outward in order to perceive the environmental stimuli 
(intake). 
Similarly, in a recent study of children with an ASD, Liss, Saulnier, Fein, and 
Kinsboume (2006) investigated sensory abnormalities using a sensory questionnaire 
based, in part, on items from the Sensory Profile. A cluster analysis indicated that higher-
functioning children tended toward sensory over-reactivity whereas lower-functioning 
children primarily exhibited sensory under-reactivity. 
13 
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Behavior Patterns in Autism 
The present section will describe behavior patterns of children with autism with 
regard to two classes of behaviors. The first class of behaviors, stereotyped and repetitive 
behaviors, represents a core feature of autism, as noted earlier. The second category 
entails more general behavior problems, including, for instance, attentional difficulties, 
withdrawn behaviors, disruptive behaviors, and emotionally reactive behaviors. These 
behavior patterns will be discussed in terms of their established or hypothesized link with 
abnormalities in sensory processing. 
Stereotyped and Repetitive Behaviors 
Children with autism frequently engage in stereotyped and repetitive behaviors 
(e.g., APA, 2000; Carcani-Rathwell, Rabe-Hasketh, & Santosh, 2006; Turner, 1999). It 
has been argued that these behaviors serve to modulate incoming sensory input due to 
. abnormal responsivity (i.e., under- or over-arousal) to such stimuli. Findings from 
research with adults and children without disabilities indicate that individuals respond to 
environments that are deviant in level of sensory stimulation in a similar manner as 
children with an ASD behave in normal environments. In particular, stereotyped behavior 
occurs in college-age adults under conditions of over-stimulation (Rago & Case, 1978 as 
cited in Zentall & Zentall, 1983). Similarly, in low-stimulation environments, young 
children evidence restlessness when, for example, they are required to sit quietly for 
extended periods of time. Researchers have demonstrated that stereotyped and 
perseverative behaviors occur to modulate states of over-arousal (Liss, Saulnier, Fein, & 
Kinsbourne, 2006), under-arousal (Goodall & Corbett, 1982), or both (Gal, Dyck, & 
Passmore, 2002) in children with autism. Therefore, these behaviors may function as self-
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regulation strategies to cope with sensory processing dysfunction. Moreover, when 
children have difficulty modulating their responses to incoming stimuli from the 
environment, they are likely to exhibit vacillating responses to sensory input, rather than 
a characteristic mode of responding (i.e., under- or over-responsiveness; Dunn, 1999), 
suggesting that stereotyped and repetitive behaviors may serve both purposes within the 
same child with sensory modulation difficulties. 
Furthermore, when stereotyped movements are disrupted (e.g., when a caregiver 
prevents a child from engaging in a stereotypic behavior), children tend toward problem 
behaviors in an attempt to cope with the removal of the pleasurable effects of stereotyped 
behaviors (as cited in Gal, Dyck, & Passmore, 2002). In fact, stereotyped movements 
have been considered rewarding inasmuch as they provide a two-fold benefit to the child: 
an increase in sensory stimulation to bolster the effects of under-arousal, and a decrease 
in the effects of an over-stimulating environment (as in the case of over-arousal) (Gal, 
Dyck, & Passmore). Moreover, Liss, Saulnier, Fein, & Kinsbourne (2006) found that 
children with autism strive to lower internal over-arousal by engaging in stereotyped and 
repetitive behaviors. These behaviors, they suggest, serve to block incoming sensory 
input and thereby reduce over-stimulation. It follows, then, that when these regulatory 
behaviors are interfered with, a child may become distressed and seek to cope with this 
distress utilizing problematic behaviors. 
Problem Behaviors 
Evidence of a direct link between general problem behaviors and sensory 
abnormalities in children with an ASD is limited. Indeed, although some have proposed 
such a link (e.g., Edelson, 1984), empirical findings are scant. Five studies provide 
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preliminary evidence. With regard to externalizing behaviors, Reese, Richman, Zarcone, 
and Zarcone (2003) found that 14% of a sample of young children (N = 100) with AD 
engaged in disruptive behavior (e.g., yelling, hitting, biting, self-injury) to escape 
aversive sensory situations. Additionally, 67% engaged in disruptive behavior to escape 
from demands that prevented their involvement in perseverative behaviors. Although 
these findings indicate only a small proportion of children with AD engaged in disruptive 
behavior as a direct consequence of sensory disturbances (14%), the relationship between 
sensory dysfunction and perseverative or stereotyped behavior (illustrated earlier) 
suggests that a substantial percentage of children with an ASD may engage in disruptive 
behavior as an indirect response to sensory processing abnonnalities. 
Moreover, as an extension oftheir 2003 study, Reese, Richman, Belmont, and 
Morse (2005) examined the functions of disruptive behavior in children with AD as 
compared with developmentally delayed children. Participants were matched for gender, 
chronological age, and developmental age (as measured by the Bayley Scales of Infant 
Development; Bayley, 1993). They found that, in comparison to both the control group 
and girls with AD, boys with AD engaged in disruptive behavior for the purposes of 
avoiding unpleasant sensory stimuli and to gain or maintain access to items used in 
repetitive activities. Next, Fisher, Lindauer, Alterson, & Thompson's (1998) report of 
destructive behavior (i.e., property destruction) in two boys with autism (one with PDD~ 
NOS and the other with AD), provides some additional evidence. The authors found that 
destructive behavior (e.g., breaking or tearing objects) for these children was both 
initiated and maintained through the benefit of sensory stimulation received from such 
behavior. 
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FurtheImore, in terms of internalizing behaviors, two studies have identified a 
relationship between emotional symptoms and sensory dysfunction among children with 
ASDs. In particular, Pfeiffer, Kinnealey, Reed, and Herzberg (2005) found that 
adolescents with Asperger's Disorder evidenced a positive relationship between 
depression and under-arousal to sensory input, and that both children and adolescents 
with Asperger's Disorder evidenced a positive relationship between anxiety and over-
arousal. In comparison, other researchers found that, among toddlers with AD and PDD-
NOS, both over- and under-arousal sensory responses were related to increased negative 
emotionality and depression/withdrawal relative to toddlers with low levels of sensory 
dysfunction (Ben-Sasson et al., 2008) .. 
In sum, what is clear from the research is that the overall rates of sensory 
symptoms are higher in children with an ASD than in children who are typically 
developing, and that there is heterogeneity in both sensory symptoms and the processing 
patterns (i.e., both over- and under-arousal) of children with an ASD. However, given the 
inconsistent findings regarding the specificity of sensory symptoms in ASDs, further 
research is needed in this area. Determining the parameters of the specificity of sensory 
symptoms in ASDs would help to improve diagnostic decision-making. Similarly, what is 
also evident is the dearth of research aimed at investigating whether differences in 
sensory abnormalities exist between AD and PDD-NOS groups. Indeed, numerous 
studies included a combined sample of children diagnosed with AD or PDD-NOS as 
representative of a sample of children with autism. Separating this combined grouping 
into two distinct diagnostic categories can elucidate any differences that may exist 
between the two groups in terms of sensory features, and may also serve to better 
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highlight differences between more impaired individuals with an ASD and other 
comparison groups. 
Next, it is also clear that developmental level is a key factor in sensory symptoms 
among children with ASDs (e.g., Ceponiene et al., 2003; Tecchio et aI., 2003; Stevens 
and Gruzelier, 1984; Kootz et aI., 1982) as children with ASDs who are either high- or 
low-functioning evidence different sensory symptoms, and differences between groups 
are found to attenuate as a function of developmental leveL 
Finally, information regarding the behavioral sequelae of sensory dysfunction in 
ASDs is inadequate relative to the extensive literature base on sensory abnormalities with 
this popUlation. Understanding the behavioral and emotional symptoms associated with 
sensory dysfunction is important for understanding the day-to-day consequences of 
sensory processing abnormalities. Therefore, the present study aims to add to the base of 
knowledge regarding sensory processing abilities in children with ASDs to determine the 
specificity of sensory abnormalities in autism, and to extend the field's knowledge 
regarding emotional and behavioral expressions of sensory-related abnormalities found in 
ASDs. 
Model of Sensory Processing Patterns 
The present discussion introduces Dunn's (1997) theoretical model of sensory 
processing patterns (or quadrant model) in order to prepare the reader for following 
discussions (Table 1). Dunn's model represents a framework for understanding sensory 
abnormalities in children and is of importance to the present discussion as the quadrant 
model will be examined in this study. 
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Table 1 
Dunn 's (1997) Quadrant Model of Sensory Processing Patterns 
Behavioral Response/Self-Regulation 
Passive Active 
High Low Sensation 
Registration Seeking 
Sensory Sensation 
Low Sensitivity Avoiding 
Dunn's model involves four sensory processing patterns, or quadrant scores: Low 
Registration, Sensation Seeking, Sensory Sensitivity, and Sensation Avoiding. These are. 
characterized by the interaction of neurological thresholds and behavioral responses. A 
neurological threshold is defined by the amount of stimulation required for neuronal 
response (Zuckerman, 1990). The two endpoints of this threshold are habituation and 
sensitization. The child distinguishes between whether incoming stimuli are familiar and 
thereby do not require attention (Le., habituation) or whether the stimuli are important, 
thus requiring attention (i.e., sensitization) (Dunn & Daniels, 2002). These endpoints 
correspond to high threshold (i.e., under-arousal) and low threshold (i.e., over-arousal), 
respectively. Self-regulation strategies include those behaviors utilized for the purpose of 
responding to, or regulating, incoming sensory input. Behavioral strategies, according to 
Dunn, can be either passive or active. A passive self-regulation strategy is utilized by 
children who allow sensory events to occur without attempting to modulate their response 
to the stimuli. An example would be a child who is over-aroused and who fails to react 
counteractive1y to this over-stimulation, but instead succumbs to the over-stimulation by 
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becoming distractible and hyperactive. In contrast, an active self-regulation strategy is 
when a child attempts to counteract their sensory experience by selecting and engaging in 
regulatory behaviors (Dunn & Daniels). An example is a child who is over-aroused and 
who attempts to modulate his or her sensory experience by actively withdrawing from the 
environment. 
Both neurological threshold and behavioral response represent separate continua 
with the endpoints representing extremes (High vs. Low, Active vs . Passive). When these 
extremes of threshold and behavioral responsiveness interact, they produce the four basic 
patterns of sensory processing (i.e., quadrants). Low registration refers to the interaction 
between a high threshold and a passive self-regulation strategy. Children who respond to 
stimuli in this manner often appear withdrawn and lacking in interest in their 
surroundings (Dunn, 1997). Sensation seeking refers to the interaction between a high 
threshold and an active regulation strategy. Children who are sensation seekers appear 
active, fidgety, and are persistently engaged in their environment seeking stimulation 
(Dunn, 1999). Sensory sensitivity refers to the interaction between a low threshold and a 
passive self-regulation strategy. These children evidence inattention and distractibility, 
and may appear disorganized as they indiscriminately respond to stimuli. Finally, 
sensation avoiding refers to the interaction between a low threshold and an active 
regulation strategy. Children who utilize this strategy avoid stimulation by withdrawing, 
engaging in ritualistic behaviors to control the incoming sensory stimulation, or by 
engaging in defiance and tantrum behaviors in response to over-stimulation (Dunn, 
1997). 
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Dunn's model of sensory processing patterns (interchangeably referred to as 
"quadrant model") is primarily theoretical in nature as it has received only limited direct 
empirical support. The model was developed based on findings from both neuroscience 
and behavioral science supportive of these conceptual sensory processing patterns (Dunn, 
1997). In the only study to explore the quadrant groupings, Dunn and Daniels (2002) 
examined the conceptual structure of this model with typically developing children using 
a pilot version of the Infant/Toddler Sensory Profile. They found that the Sensation 
Seeking quadrant received the greatest support (i.e., distinctness from other quadrants), 
whereas the other quadrants were only partially supported. In fact, the Sensory Sensitivity 
and Sensation Avoiding quadrants were found to overlap considerably, reSUlting in 
dubious distinctness between these quadrants. 
Moreover, findings from research conducted as part of the development of the 
Sensory Profile have indicated that children with ASDs tend to evidence sensory 
symptoms in a number of different domains, with great heterogeneity (Dunn, 1999). 
These findings suggest that children with ASDs may indeed evidence multiple sensory 
processing patterns, and may therefore fall in more than one quadrant. In fact, Dunn 
shows that children with ASDs score low (i.e., more symptomatology) on a number of 
factors corresponding to three of the four quadrants (Le., Low Registration, Sensory 
Sensitivity, and Sensation Avoiding). 
Hypotheses and Purpose 
This study has three aims: (1) to examine the validity of Dunn's (1997) sensory 
processing patterns model, (2) to explore sensory features in children with AD as 
compared to children with PDD-NOS and those with other developmental disorders, and 
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(3) to examine the relationship between Sensory Profile (herein abbreviated as SP) scores 
and behavior patterns as measured by the Child Behavior Checklist (CBCL; Achenbach 
& Rescorla, 2000). For each of these three research questions, scores from the original 
version as well as the Infant/Toddler version of the SP will be used, separately. 
\ 
Although Dunn's (1997) quadrant model was examined as part of the 
development of the Infant/Toddler version ofthe SP (Dunn & Daniels, 2002), there are 
several problems with this research. First, the quadrant scores were not developed 
empirically. Instead, individual items were sorted by experts in the field into quadrant 
groupings according to Dunn's conceptual model (a more thorough discussion follows). 
Second, although a statistical relationship was delineated in Dunn and Daniels between 
factors and quadrants, this relationship does not continue with the newer, published 
version of the Infant/Toddler SP as different factors are used in this version than were 
reported in their article. Interestingly, however, Dunn (2002) proposes a relationship 
between current factors and quadrants in the Infant/Toddler manual simply based on item 
relationships to either quadrants or factors, not as a result of empirical evidence. Thus, 
based on a thorough review of the llterature and the user's manuals, it appears that there 
is no empirical relationship between factors and quadrants for either the original or the 
Infant/Toddler versions ofthe SP, though both manuals report hypothesized relationships. 
Lastly, the quadrant model has been examined neither with the original version of the SP 
nor with a clinic-referred sample. Consequently, the empirical basis for the quadrant 
model must be investigated prior to examination of group differences in quadrant scores 
(second aim), or exploration of the relationship of behavior patterns to quadrant scores 
(third .aim). The present study will therefore explore the validity of Dunn's model with a 
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clinic-referred sample. If the model does not prove to be empirically valid, scores derived 
from the model (i.e., quadrant scores) will not be used in additional analyses. 
To explore group differences in sensory features, section scores (sensory 
processing systems [i.e., auditory, tactile]), factor scores (general sensory symptoms), and 
quadrant scores (sensory processing patterns) will be used. It is hypothesized that few, if 
any, significant differences will exist between children with AD and those with PDD-
NOS. However, given the existing literature regarding sensory symptoms of children 
with ASDs (AD and PDD-NOS) on the SP, it is hypothesized that these children will 
evidence a greater degree of sensory abnormalities as compared to children with other 
developmental disorders. Also, it is hypothesized that significance of difference between 
groups will be attenuated when developmental level is investigated and controlled for as 
necessary. 
Finally, this study will include an examination ofthe relationship between scores 
on the SP (original and Infant/Toddler versions) and Internalizing or Externalizing 
behaviors, as measured by the CBCL. Although no research to date was identified in the 
literature that has examined this relationship for the present sample, a relationship likely 
exists as inferred from the suggested link between sensory symptoms and problematic 
behaviors outlined earlier. Furthermore, with regard to the Sensory Processing Model, 
Dunn has proposed behavioral sequelae for each quadrant (1999,2002). For example, 
Dunn's behavioral correlates include withdrawn behaviors and flattened affect (Low 
Registration), active and fidgeting behaviors (Sensation Seeking), distractible and 
disorganized behaviors (Sensory Sensitivity), and resistance to change and reliance on 
rituals (Sensation Avoiding). These behaviors, in tum, correspond to behaviors measured 
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by the CBCL Internalizing and Externalizing scales. Consequently, it is hypothesized that 
children scoring high on Low Registration and Sensation Avoiding will also score high 
on the Internalizing factor (e.g., withdrawn) ofthe CBCL, and Sensation Seeking and 
Sensory Sensitivity quadrants will correspond to Externalizing behaviors (e.g., 
hyperactive). The hypothesized relationship between the Internalizing and Externalizing 
scales of the CBCL and the SP's factor or section scores, however, is uncertain as Dunn 
has not proposed behavioral correlates ofthese scores, and there is an apparent absence 
of comparative literature with which to formulate a hypothesis. 
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METHODS 
Participants 
Using a convenience-sampling method, archival data collected as part of an 
evaluation through the Autism Program at the Child Development and Rehabilitation 
Center (CDRC) at Oregon Health and Science University (OHSU) were used for this 
study. Children ages 18-71 months were included. The participants were divided into 
three diagnostic groups based on their exit diagnosis: AD, PDD-NOS, and non-spectrum. 
The exit diagnosis was based on the child's Autism Diagnostic Observation Schedule.., 
Generic (ADOS-G; Lord, Rutter, DiLavore, & Risi, 2002) scores, correspondence with 
the DSM-IV-TR diagnostic criteria, and consensus of the evaluation team. For non-
spectrum children, the primary diagnosis included communication disorders, cognitive 
functioning delays or deficits, or both. Children with significant hearing or vision 
impairments as well as those with significant emotional or behavioral disturbances were 
excluded. 
In addition to diagnostic groupings, children were also separated into groups 
depending on which version of the SP was completed, resulting in a maximum of 6 
groups for this study (3 diagnostic groups by 2 SP versions). Sixty-eight children were in 
the . original SP group (41 % of total sample), with 16 in the AD subgroup, 17 in the PDD-
NOS subgroup, and 35 in the non-spectrum subgroup. Ofthe 99 children in the 
Infant/Toddler SP group (59% oftotal sample), 49 were in the AD subgroup, 24 were in 
the PDD-NOS subgroup, and 26 were in the non-spectrum subgroup. The breakdown for 
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non-spectrum diagnosis is as follows: Global Developmental Delay (n = 30), Mental 
RetardationIBorderline Intellectual Functioning (n = 6), Expressive or Mixed Receptive-
Expressive Language Disorder (n = 9), Communication Disorder NOS (n = 5), and dual 
diagnoses of Global Developmental Delay and a communication disorder (n = 11). 
Importantly, the sample for the original version includes 21 participants with 
missing data on the SP. In particular, those participants who had no more than one 
unanswered item were included, and the midpoint of the scale, a value of3, was assigned 
to this missing data point. Upon examination, there were no significant differences in 
mean scores between participants with complete SP scores and those with a missing item; 
thus, these 21 participants were included to offset the sample size discrepancy between 
the original SP and Infant/Toddler SP groups. 
The mean age in months for children in the original group was 56 (SD = 9.8), and 
36 (SD = 8.9) for children in the Infant/Toddler group. It is important to note that roughly 
half of the participants in the Infant/Toddler group had ages that exceeded the cut-off for 
administration of the Infant/Toddler version of the SP (i.e., 36 months). This is because 
the occupational therapists on the evaluation team found the original version often 
inapplicable for children who were old enough, yet had developmental delays; thus, they 
administered the more developmentally appropriate measure. Through this practice, the 
practical applicability ofthe measure was enhanced for clinic use. Thus, the data from 
these participants were included in this study. 
In addition, in terms of developmental level, there was a median standard score of 
53 (SD = 15.4) on the Mullen Scales of Early Learning - AGS Edition (MSEL; Mullen, 
1995)(n = 127), and a mean score of76 (SD = 21.7) on the Stanford Binet Intelligence 
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Scales, 4th and 5th editions (SB4, Thorndike, Hagen, & Sattler, 1986; SB5, Roid, 2003) (n 
= 29). The median score was determined to be a more robust measure of scores on the 
MSEL as the distribution of scores was highly positively skewed. Finally, 80% of the 
total sample was male (n = 134) and 20% was female (n = 33). The male-female 
proportions across diagnostic categories were roughly similar to that for the total sample, 
and correspond to published differences in prevalence rates across gender. 
A one-way between-groups analysis of variance (ANOVA) was conducted to 
explore the impact of diagnosis on developmental/cognitive level, as measured by either 
the MSEL or the SB. Participants were divided into three groups according to their 
diagnosis (AD, PDD-NOS, and non-spectrum). Although the homogeneity of variance 
assumption was violated, there was a statistically significant difference in 
developmental/cognitive scores for the three diagnostic groups: P(2, 153)=5.545, p=.005. 
The eta squared figure (.068) revealed a medium effect, indicating a moderate difference 
among mean scores. Post-hoc comparisons using the Tukey HSD test indicated that the 
mean score for the AD group (M=57.19, SD=14.88) was significantly different from both 
the PDD-NOS group (M=66.61, SD=22.12) as well as the non-spectrum group (M=66.72, 
SD=15.26). It is important to note that, although there is a statistically significant' 
difference between groups, the clinical significance of this finding is minimal as all 
groups performed in the Extremely Low range of cognitive functioning. Next, an 
independent-samples t-test was conducted to compare the developmental/cognitive scores 
for ASD and non-spectrum groups, There was no significant difference in scores 
(t(154)=-L93,p=.055) between the ASD group (M=61.09, SD=18,71) and the non-
spectrum group (M=66.72, SD=15.26). The magnitUde of the differences in means was 
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small (eta squared=.02). Thus, the combined ASD group did not evidence significantly 
different developmental/cognitive scores relative to the non-spectrum group. 
Measures 
The Sensory Profile 
The original SP is useful in distinguishing between children with autism and 
typically developing children (Kientz & DUlUl, 1996). Moreover, Dunn and Westman 
(1997) found that 73% of the items on the profile were uncommon for typically 
developing children, thereby lending usefulness for this measure in assessing abnormality 
in sensory processing. Additional research supports the utility of the SP in discriminating 
between children with various disabilities (Ermer & DUlUl, 1998), in addition to its 
usefulness in discriminating between typically developing children and those with 
disabilities. 
The SP is a caregiver-report, 12S-item questiormaire that describes responses to 
sensory events in daily life (Durm, 1999). The 5-point Likert scale (always, frequently, 
occasionally, seldom, or never) is used to assess the frequency with which a child or 
youth engages in a particular response to various sensory events. Lower scores indicate 
greater sensory symptoms. Obtained scores include section scores, factor scores, and 
quadrant scores (described earlier). Based on existing literature and responses from 155 
occupational therapists, scores were conceptually derived to reflect sensory processing 
systems. These section scores include the following: (1) Auditory Processing, (2) Visual 
Processing, (3) Vestibular Processing, (4) Touch Processing, (5) Multisensory 
Processing, and (6) Oral Sensory Processing. Additional section scores can be derived 
and reflect modulation of sensory input as well as behavioral and emotional responses to 
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sensory stimuli. However, only the sensory processing section scores will be used in this 
study as only these correspond to scores on the Infant/Toddler version. Next, a principal 
components factor analysis was conducted on 1,037 children without disabilities yielding 
nine factors that accounted for 47.8% of the variance. The factor solution is as follows: 
(1) Sensory Seeking, (2) Emotionally Reactive, (3) Low Endurance/Tone, (4) Oral 
Sensory Sensitivity, (5) InattentioniDistractibility, (6) Poor Registration, (7) Sensory 
Sensitivity, (8) Sedentary, and (9) Fine Motor/Perceptual. Finally, the development of 
quadrant scores for this version was not described in the manual. 
Normative data were collected on over 1,000 children without disabilities 
(between the ages of3 and 10) and 150 children with disabilities (between the ages of3 
and 17). The sample of children without disabilities was approximately equivalent in age 
and gender distribution (524 girls, 510 boys). Children were excluded from the sample if 
they were either on regular prescription medication or were receiving special education 
services. The sample of children with disabilities was much smaller and included ADHD 
(n = 61), ASDs (n = 32), Fragile X syndrome (n = 24), sensory modulation disorder (n = 
21), and other disabilities not explicitly stated (Dunn, 1999). 
Reliability of the Sensory Profile was determined using internal consistency 
values for section and factor scores. Reliability ranged from poor to good based on 
Cronbach's Alpha estimates ranging from.47 to .91, and standard error of measurement 
estimates ranging from 1.0 to 2.8. Validity of the measure was determined based on 
content and construct validity (again, only section and factor scores were explored). In 
particular, the authors provide evidence of correlations with other measures of sensory 
perception and behavioral regulation, as well as findings of difference from the sample of 
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children without disabilities in the perfonnance of clinical groups known to have sensory 
dysfunction. 
The Infant/Toddler Sensory Profile (Dunn, 2002) assesses sensory processing 
abilities in children from birth to 36 months of age. The current study relies on the 48-
item questionnaire for children aged 7-36 months. This measure was developed through a 
multi-step process. First, 76 parents of young children completed the original version and 
crossed out items they felt were developmentally inappropriate. Then, additional items 
were added so that each ofthe sensory processing systems (i.e., auditory system) and 
quadrants were represented. Next, researchers continued to revise items until members of 
review panels were in consistent agreement about sorting items into the four quadrants 
identified in the original version. Then, a total of 401 responses were obtained through a 
later pilot study. The results of the pilot study confinned that items could be grouped 
according to a simiiar section structure as the original version. Scores can thus be 
obtained for the following sections: (1) Auditory Processing, (2) Visual Processing, (3) 
Tactile Processing, (4) Vestibular Processing, and (5) Oral Sensory Processing. 
In contrast to the conceptual development of section and quadrant scores, factors 
were derived empirically using similar methods to that used for the original version. In 
particular, a principal components factor analysis with varimax rotation was conducted 
on 659 children without disabilities yielding six factors that accounted for 44.3% ofthe 
variance. The factor solution is as follows: (1) Seeking, (2) Low threshold - context, (3) 
Low threshold - self, (4) Oral sensory, (5) Low registration, and (6) Avoiding. 
Reliability of the Infant/Toddler SP was detennined using internal consistency 
values for the sensory processing sections and quadrants. Reliability was adequate for 
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some scales, poor for others, ranging from .42 to .86. In addition, test-retest reliability 
analyses yielded a correlation coefficient of .86 for section scores and .74 for quadrant 
scores, indicating that the Infant/Toddler SP has an acceptable degree of stability over 
time. Validity of the measure was determined using content validity, as well as 
convergent and discriminant evidence. Content validity was determined to be adequate 
given the agreement in review panels during the development phase. Also, convergent 
evidence was moderate, and discriminant evidence indicated that the Sensation Seeking 
quadrant contributed uniquely to the variance in the Infant/Toddler SP. 
Autism Diagnostic Observation Schedule - Generic (ADOS-G) 
The ADOS-G (Lord, Rutter, DiLavore, and Risi, 2002), a semi-structured, 
standardized observation schedule, is currently considered the "gold standard" in the 
diagnostic assessment of autism. This play-based assessment tool utilizes coded 
observations and assesses for communication behaviors, social interaction behaviors, 
play behaviors or imagination and creativity, stereotyped behaviors, and restricted 
interests. Scoring follows an algorithm that yields three scores: Communication, Social 
Interaction, and Communication-Social Interaction composite. Based on these algorithm 
scores, individuals are classified into three categories: autism, autism spectrum, and non-
spectrum. The autism designation refers to the narrow category of AD and is based on 
algorithm scores above the threshold for each of the three sections noted above. The 
classification of autism spectrum includes atypical autism, Asperger's Disorder, and 
PDD-NOS, and is based on each of the obtained scores being at or above the threshold 
for autism spectrum, yet below the threshold for autism. Finally, a non-spectrum 
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classification denotes the absence of an ASD, as evidenced by obtained scores below 
thresholds on each of the three domains. 
The ADOS-G was standardized on over 500 individuals with AD, PDD-NOS, or 
non-spectrum disorders. Item reliability was assessed, and those items with insufficient 
inter-rater reliability were discarded. Additionally, inter-rater agreement for each of the 
diagnostic classifications was determined. Agreement is between 81 % and 93%. Finally, 
test-retest reliability was assessed with test administrations over an average of9 months, 
scored by separate raters. Correlations indicate excellent stability for each of the primary 
domains, as well as the composite domain. 
The validity of the measure was determined by several analyses. Specifically, 
group differences between the autism and non-spectrum participants for each item were 
explored, and items that did not yield differences between the groups were either 
excluded or kept as non-algorithm items. An analysis of variance (ANOVA) was then 
conducted to determine threshold cut-off scores for each of the three diagnostic groups. 
Finally, exploratory factor analyses demonstrated that the two primary domains (e.g., 
Communication and Social Interaction) were distinct. 
Child Behavior Checklist (CBCL) 
The CBCL (Achenbach & Rescorla, 2000) is one of the most widely researched 
and used behavioral rating scales. It is designed for use for a variety of purposes, 
including assessment and intervention planning, and in a number of settings, including 
clinics and schools. The CBCL is a multiple-rater measure assessing competencies and 
problematic behaviors in youth. There are multiple versions of the CBCLavailable; 
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however, for the purpose of this study, the CBCL parent-report, for ages 1.5 to 5 years 
(18-71 months), will be used. 
The behavior problem scale consists of 100 items, rated on a Likert scale with 0= 
not true, 1 = somewhat or sometimes true, and 2 = very true or often true. Raw scores, T-
scores, and percentiles can be derived. T -scores of 70 or higher indicate clinically 
significant behaviors, and T-scores between 65 and 70 indicate borderline clinical 
behaviors. The two scales, the DSM-Oriented scales and the Syndrome scales, together 
contain 14 scores. The Syndrome scales can then be grouped into three problem behavior 
scores: Total Problems, Internalizing Problems, and Externalizing Problems. Of 
particular relevance to the current study are the Internalizing and Externalizing Problems 
scores. Internalizing behaviors include behaviors such as withdrawal, anxiety, 
tearfulness, emotional sensitivity, and resistance to change. Behaviors ' such as 
hyperactivity, impulsivity, tantrums, inattention, and distractibility are grouped under the 
Externalizing behaviors score. 
The psychometric properties of the CBCL are sound. The CBCL for ages 1.5-5 
was standardized on 1,728 children and items were selected by comparing responses of 
referred versus nonreferred children. Additionally, discriminant analysis yielded an 
84.2% classification accuracy according to referral status. In terms of reliability, the 
CBCL demonstrates low-moderate to strong internal consistency with coefficient alpha 
figures ranging from .66-.96 for the Syndrome scales. Moreover, test-retest reliability 
over a 12-month interval is .61. 
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Mullen Scales of Early Learning - A GS Edition (MSEL) 
The MSEL (Mullen, 1995) measures the cognitive functioning of young children 
from birth to 68 months and yields a cognitive composite score, the Early Learning 
Composite (ELC). For participants who completed the MSEL, the ELC was used in 
analyses to represent global cognitive functioning. The MSEL was standardized on 1,849 
children with no known physical or mental disabilities. In terms of reliability, the MSEL 
demonstrates strong internal consistency for the ELC with a coefficient alpha of .91, and 
moderate test-retest reliability ranging from .76 to .84 over a 1- to 2-week interval. 
Convergent validity studies revealed a moderately high correlation (.70) for the ELC. 
Divergent validity was established by relatively low correlations with scales measuring 
unrelated abilities. The ELC has a mean of 100 and a standard deviation of 15 points. 
Stanford-Binet Intelligence Scales 
The Stanford-Binet Intelligence Scales (SB) is a norm-referenced individually 
administered test of intelligence and cognitive abilities. For participants who completed 
the SB, Full Scale IQ scores were used in analyses to represent global cognitive 
functioning. The SB5 (Roid, 2003) is appropriate for ages 2 through 89, with a 
standardization sample of 4,800 participants. In terms of reliability, there was strong 
internal consistency for th.e Full Scale IQ score, with an average reliability coefficient of 
.98. Validity of the SB5 is good with high correlations with major cognitive tests as well 
as a previous edition of the SB, indicating high convergent validity. The Full Scale IQ 
score has a mean of 100 and a standard deviation of 15 points. 
The SB4 (Thorndike, Hagen, & Sattler, 1986) is appropriate for ages 2 through 
23, with a standardization sample of 5, 013 participants. Reliability ofthe SB4 is 
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excellent, with internal consistency coefficient alphas ranging from .95 to .99 for the Full 
Scale IQ score, with a median reliability of .97. Validity of the SB4 is good with a 
median correlation of .80 with major cognitive tests as well as a previous edition of the 
SB, supporting the convergent validity of the SB4. The Full Scale IQ for the fourth 
version has a mean of 100 and a standard deviation of 16 points. 
Procedures 
The database of patients seen through the Autism Clinic at OHSU's CDRC was 
accessed for the purpose of selecting those participants who met inclusion criteria for this 
study. Next, data from the SP corresponding to those participants was entered into the 
new database. Included in this de-identified database were the following variables: age, 
gender, exit diagnosis, ADOS-G scores, ADOS-G classification, SP item raw scores, SP 
factor, section, and quadrant scores, Internalizing and Externalizing scores of the CBCL, 
and developmentallevel/IQ scores. 
Developmental level or IQ is determined for each child evaluated through the 
clinic. Standard clinic practice involves administering an IQ test to a child of approximate 
developmental level of at least 4 years old. In such a case, the SB5 (Raid, 2003) is 
administered. For children expected to be at a younger developmental level, the MSEL 
(Mullen, 1995) is administered to obtain a developmental level. Since the Autism 
Program was established in 2003, earlier versions ofthe SB (SB4; Thorndike, Hagen, & 
Sattler, 1986) have been used. Data retrieved from the database may therefore include 
scores from this earlier version. 
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Data Analyses 
Statistical analyses were conducted using SPSS, version 15.0. All analyses were 
conducted for both versions of the SP. Because a number of SP scores violated the 
assumption of normality, the MANOV A and standard regression analyses described 
below were conducted with both original and transformed scores. For the original version 
of the SP, the following scores were non-normal: Visual Processing section, Auditory 
Processing section, and factors 3, 4, 6, and 7. Only the Auditory section as well as factors 
4 and 6 could be transformed to improve the distribution. For the Infant/Toddler version, 
the Visual Processing and Vestibular Processing sections, as well as factors 1,2, and 4 
were not normally distributed. Each ofthese was transformed, excluding factors 2 and 4. 
Initially, the relationship between developmental level and SP and CBCL scores 
was assessed, using a comparison between partial and zero-order Pearson correlations, to 
determine if developmental level was a confounding variable. Next, multiple steps were 
involved in examining the validity of Dunn's quadrant model. First, a factor analysis was 
conducted with items comprising the quadrants to determine if the items separated into 4 
components, or quadrants. Then, a second-order factor analysis was conducted using 
factor scores for the original version, and both factor and section scores for the 
Infant/Toddler version that contribute to the quadrant scores. Finally, Pearson 
correlations were performed between quadrant scores to determine the permeability of 
quadrants. These analyses were performed across all diagnostic groups. 
To examine group differences, a multivariate analysis of variance (MANOVA) 
method was used. Next, a standard multiple regression was conducted using SP scores to 
predict behavior problem category (i.e., Internalizing or Externalizing scores) ofthe 
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CBCL. Due to limitations in sample size, the regression was conducted across versus 
between groups. Finally, a descriptive analysis ofthe data was conducted in order to 
produce a norms table, per sample, for each of the two SP versions. Descriptive statistics 
included were the following: range, mean, median, and standard deviation. 
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RESULTS 
To determine the effect of developmental level on SP and CBCL scores, a partial 
correlation was conducted among SP scores (factor, section, and quadrant) and among 
CBCL scores (Internalizing and Externalizing) while controlling for developmental level 
as measured by the SB or the MSEL. Correlations were performed both between and 
across groups. An inspection of the zero-order correlation suggested that controlling for 
developmental level had very little effect on the strength of the relationship among SP 
scores and among CBCL scores, with no changes in magnitude larger than .11. This 
finding is not surprising given the restriction of range evident in 
developmentallintellectuallevel scores. It was determined that developmental level 
would have no effect on interpretation; thus, measures of developmental level were not 
entered as covariates in the remaining analyses. 
Validity of Quadrant Model 
Original Version 
A principal components analysis (PCA) was conducted on the 90 items used to 
derive quadrant scores for the original version ofthe SP. Given the small sample size (n = 
68) and inadequate participant-item ratio, as well as the low degree of inter-item 
correlation, the correlation matrix was not determined to be factorable. However, the 
results were found to be interpretable both in comparison to the Infant/Toddler version, 
and relative to a second-order PCA involving factor scores (described later). 
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The PCA revealed 17 components with eigenvalues exceeding 1.5, explaining a 
total of 74.43% of the variance. An inspection of the scree plot (Figure 1), however, 
revealed a clear break between the first and second components, with component 1 
(19.49%) accounting for substantially more variance than component 2 (7.92%), 
supporting a one-factor solution. 
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Figure 1. Screeplot of principal components analysis for original Sensory Profile items. 
Next, a second-order PCA was conducted. Factors 1-5, and 7~8 were included in 
the PCA; factors 6 and 9 were excluded as none of the items in these factors are used to 
derive quadrant scores. It is important to understand that there is not a 1: 1 
correspondence between items comprising the factor scores and items comprising the 
quadrant scores. That is, there are some items subsumed by the factor scores that are not 
used to derive quadrant scores, and vice versa. Specifically, only 66% of the items 
overlap. Thus, the results of the following analysis should be interpreted cautiously. 
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Prior to performing peA, the suitability of the data for factor analysis was 
assessed. Inspection of the correlation matrix revealed the presence of many coefficients 
of.3 and above, and there was a ratio of9.7 cases per factor. The Kaiser-Meyer-Olkin 
Measure of Sampling Adequacy was .73, exceeding the minimum recommended value of 
.6. Also, the Bartlett's Test of Sphericity was statistically significant. Thus, the 
correlation matIix was factorable. The results yielded two components with eigenvalues 
exceeding 1, explaining 43.66% and 18.82% ofthe variance, respectively. An inspection 
ofthe screeplot (Figure 2) revealed a break between components 1 and 2, suggesting a 
one-factor solution (Table 2). 
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Figure 2. Screeplot of second-order principal components analysis for original Sensory Profile items. 
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Table 2 
Unrotated Component Matrix of Second-Order Principal Components Analysis 
for Original Sensory Profile 
Component 
1 2 
SP Factor 2 
.839 -.147 
SP Factor 5 
.787 -.419 
SP Factor 1 
.672 -.579 
SP Factor 7 
.628 .488 
SP Factor 3 
.626 .487 
SP Factor 4 
.623 .080 
SP Factor 8 
.329 .550 
Although a one-factor solution is implied by the screeplot, factors do not appear 
to load primarily on one component; thus a Varimax rotation was performed to aid in the 
interpretation of results and to further investigate the fit of a quadrant model. Two factors 
were extracted, with component 1 accounting for 34.87% ofthe variance, and component 
2 accounting for 27.61 % of the variance (Table 3). 
Table 3 
Rotated Component Matrix of Second-Order Principal Components Analysis 
for Original Sensory Profile 
Component 
1 2 
SP Factor 1 
.885 -.066 
SP Factor 5 
.881 .131 
SP Factor 2 
.762 .380 
SP Factor 4 
.454 .435 
SP Factor 7 
.214 .766 
SP Factor 3 
.213 .764 
SP Factor 8 
-.062 .638 
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The majority of items were accounted for by component 1 (74%), again 
suggesting that a one-factor solution is most interpretable. However, as two components 
- if intersected - could result in quadrant groupings, further analyses were conducted to 
determine whether a quadrant model fit the two-factor solution. 
First, scores of factors that loaded onto each component were summed to derive a 
total component score, with component I representing the sum of scores from factors 1, 
5, 2, and 4, and component 2 representing the sum of scores from factors 7, 3, and 8. 
Factor scores were also converted to z-scores and then summed, but there were no 
notable differences between raw score and z-score computations, so results from raw 
scores are reported. Next, a Pearson correlation coefficient was obtained to determine 
whether these two components were distinct. The obtained correlation coefficient was 
.380 (p = .001), suggesting a moderate, statistically significant relationship between the 
two components. A scatterplot was then derived to determine whether scores clumped 
together into 4 separate groupings, consistent with a quadrant model. Figure 3 displays 
the re~u1ts from the scatterplot, with intersecting lines representing the mean of 
component 1 (M = 158.82; horizontalline), and the mean of component 2 (M = 73.19; 
vertical line ). From the figure, it is evident that there are not four distinct sets of scores, 
but rather, a moderately correlated set of scores about the intersection of means of both 
components. 
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Lastly, Pearson correlations were perfonned between quadrants to detennine the 
relationship between quadrants (Table 4). The quadrants were significantly correlated 
with each other at the .01 alpha level, with the Sensory Sensitivity and Sensation 
Avoiding quadrants having the highest correlation, consistent with Dunn and Daniels' 
(2002) fmdings. 
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Table 4 
Original Sensory Profile Quadrant Inter-Correlations 
Sensory Sensory Sensory 
Sensory Profile Profile Profile 
Profile Low Sensation Sensory Sensation 
Registration Seeking Sensitivit~ Avoiding 
Sensory Profile Low 
1 Reg istration 
Sensory Profile 
.571 1 Sensation Seeking 
Sensory Profile 
Sensory Sensitivity .546 .677 1 
Sensory Profile 
.647 .588 .756 1 Sensation Avoiding 
Taken together, the above results suggest that a one-factor solution is most 
interpretable for the original SP items. Thus, the findings do not support a quadrant 
model for this version ofthe SP, with the specified clinic-referred sample. 
Infant/Toddler Version 
A PCA was conducted on the 48 items ofthe Infant/Toddler SP. Prior to 
performing PCA, the suitability of the data for factor analysis was assessed. Inspection of 
the correlation matrix revealed a small number of coefficients of.3 and above, and there 
was a case-item ratio of2:1 (n = 99). Despite these problems with the data, the Kaiser-
Meyer-Oklin value was .65, exceeding the minimum recommended value of .6, and the 
Barlett's Test of Sphericity was statistically significant. Combined, these values support 
the factorability of the correlation matrix, though caution should be taken in interpreting 
the findings. Results revealed the presence of 9 components with eigenvalues exceeding 
1.5, accounting for a total of58.81 % of the variance. An inspection of the screeplot 
(Figure 4), however, revealed a clear break between the first and second components, 
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with component 1 (18 .38%) accounting for over twice as much variance than component 
2 (8.36%). Another break is evident between the third (7.29% of variance) and fourth 
(5.19% of variance) components, suggesting the possibility of a 3-factor solution. 
Principal Components Analysis of Infant/Toddler Version 
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Figure 4. Screeplot ofprincipal components analysis for InfantfToddler Sensory Profile items. 
To aid in the interpretation ofthe results, Varimax rotation was performed. A 
three-factor solution was derived (see appendix), with three components showing a 
number of strong loadings, and most variables loading substantially on only one 
component. This solution accounted for 34.02% of the total variance, with component 1 
accounting for 12.33%, component 2 accounting for 12.33%, and component 3 
accounting for 9.36% of the variance. 
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Next, a second-order PCA was conducted. Factors 1-6 were included in the PCA. 
Prior to performing PCA, the suitability of the data for factor analysis was assessed. 
Inspection of the correlation matrix revealed the presence of many coefficients of .3 and 
above, and there was a ratio of 16.5 cases per factor. The Kaiser-Meyer-Olkin Measure of 
. Sampling Adequacy was .66, exceeding the minimum recommended value of .6. Also, 
the Bartlett's Test of Sphericity was statistically significant. Thus, the correlation matrix 
was factorable. The results yielded two components with eigenvalues exceeding 1, 
explaining 40.16% and 18.39% ofthe variance, respectively. An inspection ofthe 
screeplot (Figure 5) revealed a clear break between components 1 and 2, indicating that a 
one-factor solution was most interpretable (Table 5). 
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Figure 5. Screeplot of second-order principal components analysis for InfantIToddler Sensory Profile 
factor scores. 
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Table 5 
Unrotated Component Matrix of Second-Order Principal Components Analysis 
or Scores for Infant/Toddler Sensory Profile Fact 
Component 
1 2 
IT Factor 3 .752 -.136 
IT Factor 6 
.648 -.374 
IT Factor 2 
.617 -.606 
IT Factor 5 
.609 .187 
IT Factor 4 
.592 .529 
IT Factor 1 
.568 .513 
Although a one-factor solution is suggested by the screep1ot, factors do not appear 
to load primarily on one component; thus a Varimax rotation was performed to aid in the 
interpretation of results and to further investigate the fit of a quadnuit model. Two factors 
were extracted, with component 1 accounting for 30.05% ofthe variance, and component 
2 accounting for 28.49% of the variance (Table 6). 
Table 6 
Rotated Component Matrix of Second-Order Principal Components Analysis 
or Scores for Infant/Toddler Sensory Profile Fact 
Component 
1 2 
IT Factor 2 
.864 -.023 
IT Factor 6 
.729 .168 
IT Factor 3 
.643 .413 
IT Factor 4 
.073 .790 
IT Factor 1 
.066 .763 
IT Factor 5 
.318 .552 
Roughly half of the items were accounted for by each component (44% for 
component 1; 56% for component 2). Again, further analyses were conducted to 
determine whether a quadrant model fit the two-factor, rotated solution. 
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First, scores of factors that loaded onto each component were summed to derive a 
total component score, with component 1 representing the sum of scores from factors 2, 
6, and 3, and component 2 representing the sum of scores from factors 4, 1, and 5. Factor 
scores were also converted to z-scores and then summed, but there were no notable 
differences between raw score and z-score computations, so results from raw scores are 
reported. Next, a Pearson correlation coefficient was obtained to determine whether these 
components were distinct. The obtained correlation coefficient was .432 (p < .001), 
suggesting a moderate relationship between the two components. A scatterplot was then 
derived to determine whether scores clumped together into 4 separate groupings, 
consistent with a quadrant model. Figure 6 displays the results from the scatterplot, with 
intersecting lines representing the mean of component 1 (M = 55.80; horizontal line ), and 
the mean of component 2 (M = 52.41; vertical line). From the figure, it is evident that 
there are not four distinct sets of scores, but rather, a moderately correlated set of scores 
around the intersection of means of both components. 
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Figure 6. Scatterplot of two-factor solution for Infant/Toddler Sensory Profile using factor scores. 
Similar to the original version of the SP, there is not a 1: 1 correspondence 
between items used to derive factor scores and those included in quadrant scores (75% 
overlap) for the Infant/Toddler version. However, items comprising section scores nearly 
completely cOlTespond to items used to derive quadrant scores for this version (94%); 
thus, a second-order peA was conducted using the 5 section scores. Inspection of the 
correlation matrix revealed the presence of many coefficients of.3 and above, and there 
was a ratio of 19.8 cases per factor. The Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy was .84, exceeding the minimum recommended value of .6. Also, the 
Bartlett's Test of Sphericity was statistically significant. Thus, the correlation matrix was 
factorable. The results yielded one component with an eigenvalue exceeding 1, 
explaining 57.27% ofthe variance. An inspection of the screeplot (Figure 7) revealed a 
clear break between components 1 and 2, confmning a one-factor solution (Table 7). 
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Figure 7. Screeplot of second-order principal components analysis for InfantIToddler Sensory Profile 
section scores. 
Table 7 
Unrotated Component Matrix of Second-Order Principal Components Analysis for Infant/Toddler 
Sensory Profile Section Scores 
Com~onent 
1 
IT Section Visual 
.810 
IT Section Auditory 
.778 
IT Section Vestibular 
.763 
IT Section Tactile 
.730 
IT Section Oral 
.699 
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Lastly, Pearson correlations were performed between quadrants to determine the 
relationship between quadrants (Table 8). The quadrants were significantly correlated 
with each other at the .05 and .01 alpha levels, demonstrating moderate to large 
corr~lations. Again, the Sensory Sensitivity and Sensation Avoiding quadrants were most 
highly correlated, consistent with Dunn and Daniels' (2002) findings. 
Table 8 
Infant/Toddler Sensory Profile Quadrant Inter-Correlations 
Infant 
Infant Toddler Infant Toddler Infant Toddler Toddler 
Low Sensation Sensory Sensation 
Registration Seeking Sensitivity Avoiding 
Infant Toddler 
Low Registration 1 
Infant Toddler 
Sensation Seeking .432 1 
Infant Toddler 
Sensory Sensitivity .334 .225 1 
Infant Toddler 
Sensation Avoiding .436 .332 .673 1 
Taken together, the above results suggest that either a one-factor or three-factor 
solution can be applied to the Infant/Toddler SP. In particular, although the item analysis 
revealed a possible three-factor solution, this analysis was much less robust than the 
second-order section score analysis that strongly supported a one-factor solution. Thus, 
similar to the findings for the original version, these results do not support a quadrant 
model for the Infantrroddler version, for the specified clinic-referred sample. 
Consequently, quadrant scores will not be used in the following analyses. 
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Group Differences in Sensory Symptoms 
Original Version 
Multiple one-way between-groups MANOV As were performed to investigate 
group differences in sensory symptoms. All analyses were conducted with original scores 
first, then with transformed scores where available. There was no difference between 
analyses using original versus transformed scores; thus, the following results were based 
on non-transformed scores. Preliminary assumption testing was conducted to check for 
normality, linearity, univariate and multivariate outliers, homogeneity of variance-
covariance matrices, and multicollinearity, with no serious violations noted. 
Two one-way between-groups MANOV As were performed to examine 
differences in sensory symptoms, between three diagnostic groups (AD, PDD-NOS, and 
non-spectrum). In the first analysis, 6 section scores were entered as dependent variables, 
with no significant differences between groups [F(l2, l22)=.744,p=.706; Pillai's 
Trace=.136; partial eta squared=.07]. Then, 9 factors were entered as dependent 
variables, with no significant differences between groups [F(18, 116)=1.397,p=.l46; 
Pillai's Trace=.356; partial eta squared=.l78]. 
Next, the above analyses were conducted with only two diagnostic groups: ASD 
and non-spectrum. There were no significant differences between groups on the 
combined section scores [F(6, 61)=.646;p=.693; Wilks' Lambda=.940; partial eta 
squared=.06], but there was a statistically significant difference on the combined factor 
scores [F(9, 58)=2.254,p=.031; Wilks' Lambda=.741; partial eta squared=.26]. 
Univariate post-hoc comparisons using the Tukey HSD test, however, indicated no 
significant differences (Table 9). 
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Table 9 
Between-Subjects Effects: Differences between Autism Spectrum Disorder (ASD) and Non-Spectrum 
Groups on Original Sensory Profile Factor Scores 
Independent Dependent Type III Degrees Mean F P Partial 
Variable Variable Sum of of Square Statistic Value Eta 
Squares Freedom Squared 
Diagnosis SP Factor 1 23.619 1 23.619 .131 .718 .002 
(ASD vs. SP Factor 2 69.241 1 69.241 .545 .463 .008 
Non- SP Factor 3 51.389 1 51.389 2.598 .112 .038 
Spectrum) SP Factor 4 231.822 1 231.822 2.639 .109 .038 
SP Factor 5 28.229 1 28.229 1.104 .297 .016 
SP Factor 6 24.107 1 24.107 1.113 .295 .017 
SP Factor 7 4.387 1 4.387 .755 .388 .011 
SP Factor 8 8.792 1 8.792 .777 .381 .012 
SP Factor 9 19.169 1 19.169 3.134 .081 .045 
Infant/Toddler Version 
Multiple one-way between-groups MANOV As were performed to investigate 
group differences in sensory symptoms. All analyses were conducted with original scores 
first, then with transformed scores where available. There was no difference between 
analyses using original versus transformed scores, thus, original scores were used. 
Preliminary assumption testing was conducted to check for normality, linearity, 
univariate and multivariate outliers, homogeneity of variance-covariance matrices, and 
multicollinearity, with no serious violations noted aside from a violation of the 
assumption of the equality of variance for the Oral Processing section. 
Two one-waybetween-groups MANOV As were performed to examine 
differences in sensory symptoms, between three diagnostic groups (AD, PDD-NOS, and 
non-spectrum). In the first analysis, 5 section scores were entered as dependent variables. 
There was a statistically significant difference between diagnostic groups on the 
combined dependent variables: F(lO, 186)=3.174,p=.OOl; Pillai's Trace=.292; partial eta 
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squared=.l5. When the results for the dependent variables were considered separately, 
the only difference to reach statistical significance using a Bonferroni adjusted alpha 
level of .01 was the Tactile Processing section (Table 10). 
Table 10 
Between-Subjects Effects: Differences between Autistic Disorder (AD), Pervasive Developmental 
Disorder-Not Otherwise Specified (PDD-NOSj, and Non-Spectntm Groups on Infant/Toddler Sensory 
Profile Section Scores 
Dependent Type III Degrees Mean F P Value Partial 
Independent Variable Sum of of Square Statistic Eta 
Variable Squares Freedom Squared 
Diagnosis IT Auditory 66.624 2 33.312 .767 .467 .016 
(ADvs. IT Visual 33.032 2 16.516 .937 .396 .019 
PDD-NOS IT Tactile 976.340 2 488.170 6.755 .002 .123 
vs. Non- IT 1.280 2 .640 .065 .937 .001 
Spectrum) Vestibular 
IT Oral 27.435 2 l3.718 .531 .590 .011 
Post-hoc comparisons using the Tukey HSD test indicated that the mean score 
for the AD group (M=53.39, SD=7.61) was significantly different from the mean score 
for the non-spectrum group (M=45.81, SD=9.75), with children in the AD group 
evidencing less sensory symptomatology than their non-spectrum counterparts. The 
PDD-NOS group (M=50.63, SD=8.79) did not differ significantly from either the AD or 
the non-spectrum group (Table 11). 
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Table 11 
Post-Hoc Analyses: Differences between Autistic Disorder (AD), Pervasive Developmental Disorder-
Not Otherwise Specified (PDD-NOS), and Non-Spectrum (NS) Groups on Infant/Toddler Sensory 
Profile Section Scores 
Dependent Diagnosis (a) Diagnosis Mean P Value 95% Confidence 
Variable (b) Difference Interval 
(a-b) Lower Upper 
Bound Bound 
IT Auditory NS AD 1.93 .450 -1.87 5.74 
PDD-NOS .86 .891 -3.59 5.30 
AD NS -1.93 .450 -5.74 1.87 
PDD-NOS -1.08 .789 -4.99 2.83 
PDD-NOS NS -.86 .891 -5.30 3.59 
AD 1.08 .789 -2.83 4.99 
IT Visual NS AD 1.14 .505 -1.29 3.57 
PDD-NOS -.03 1.000 -2.86 2.80 
AD NS -1.14 .505 -3.57 1.29 
PDD-NOS -1.17 .504 -3.66 1.32 
PDD-NOS NS .03 1.000 -2.80 2.86 
AD 1.17 .504 -1.32 3.66 
IT Tactile NS AD -7.58 .001 -12.49 -2.67 
PDD-NOS -4.82 .117 -10.55 .91 
AD NS 7.58 .001 2.67 12.49 
PDD-NOS 2.76 .396 -2.28 7.80 
PDD-NOS NS 4.82 .117 -.91 10.55 
AD -2.76 .396 -7.80 2.28 . 
IT Vestibular NS AD .25 .944 -1.56 2.05 
PDD-NOS .28 .947 -1.83 2.39 
AD NS -.25 .944 -2.05 1.56 
PDD-NOS .03 .999 -1.82 1.89 
PDD-NOS NS -.28 .947 -2.39 1.83 
AD -.03 .999 -1.89 1.82 
IT Oral NS AD 1.22 .588 -1.72 4.15 
PDD-NOS 1.15 .703 -2.27 4.58 
AD NS -1.22 .588 -4.15 1.72 
PDD-NOS -.06 .999 -3.08 2.95 
PDD-NOS NS -1.15 .703 -4.58 2.27 
AD .06 .999 -2.95 3.08 
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Lastly, the 6 factor scores were entered as dependent variables, with three levels 
of diagnostic group as the independent variable. There was no statistically significant 
difference between groups on the combined factor variables [F(ll, 184)=1.55,p=.111, 
Pillai's Trace=.183, partial eta squared=.092]. Consequently, a MANOVA was 
conducted with only two levels of diagnostic group as the independent variable to 
determine ifthere were differences between a larger ASD group and the non-spectrum 
group. There was a statistically significant difference between groups on the combined 
dependent variables: F(6, 92)=l.91,p=.012; Pillai's Trace=.l6; partial eta squared=.16. 
When the results for the dependent variables were considered separately with a 
Bonferronni adjusted alpha level of .008, however, none ofthe differences reached 
statistical significance (Table 12). 
Table 12 
Between-Subjects Effects: Differences between Autism Spectrum Disorder (ASD) and Non-Spectrum 
Groups on Infant/Toddler Sensory Profile Factor Scores 
Independent Dependent Type III Degrees Mean F P Partial 
Variable Variable Sum of of Square Statistic Value Eta 
Squares Freedom Squared 
Diagnosis IT Factor 1 .697 1 .697 .015 .902 .000 
(ASD vs. IT Factor 2 41.516 1 41.516 4.741 .032 · .047 
Non- IT Factor 3 203.981 1 203.981 4.509 .036 .044 
Spectrum) IT Factor 4 .299 1 .299 .025 .874 .000 
IT Factor 5 96.308 1 96.308 5.061 .027 .050 
IT Factor 6 1.304 1 1.304 .178 .674 .002 
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Relationship between Sensory Symptoms and Behavior Patterns 
Original Version 
Internalizing symptoms. Exploratory standard multiple regression analyses were 
conducted, across all diagnostic groups, to determine whether SP scores (factor and 
section) contributed significant variance to the CBCL Internalizing problem behavior 
score. Analyses were conducted separately with original scores and transformed scores. 
There were no important differences, thus non-transformed scores were used in the 
following analyses. First, section scores were entered as predictors of Internalizing 
behaviors. No extreme outliers were found, and each ofthe predictor variables was 
adequately correlated with the dependent variable. There was a moderate degree of 
multicollinearity between the Auditory Processing and Touch Processing predictors (r = 
.746). These variables were retained in the analysis as restructuring them into a 
composite variable would likely reduce the clinical utility ofthe findings. No other 
violations of assumptions were noted. Given the exploratory nature of each of the 
. following mUltiple regression analyses, a more conservative alpha level «/= .01) was 
adopted. The linear combination of the section scores significantly predicted Internalizing 
behaviors: F(6, 61) = l4.03,p < .0005. The multiple correlation coefficient was .761, 
indicating that 54% (adjusted) of the variance in Internalizing behaviors was predicted by 
section scores. The adjusted R square value is reported here to correct for the small 
sample size. Standardized regression coefficients of the individual predictors indicated 
that only the Vestibular processing section uniquely contributed to the prediction of 
. Internalizing behaviors (beta = -.369,p = .005). 
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Next, factor scores were entered as predictor variables of the CBCL Internalizing 
behavior score. Each of the predictor variables was adequately correlated with the 
dependent variable except for factor 9 (Fine Motor/Perceptual), which demonstrated a 
correlation of -.05. No other violations of assumptions were noted. Results indicated that 
the linear combination of predictor variables significantly predicted Internalizing problem 
behaviors as measured by the CBCL: F(9, 58) = 13.09,p < .0005 . The sample multiple 
correlation coefficient was .819, indicating that 62% (adjusted) ofthe variance in 
Internalizing behaviors was predicted by factor scores. Standardized regression 
coefficients of the individual predictors indicated that factor 2 (Emotionally Reactive; 
beta = -.408, p = .001) significantly predicted Internalizing behaviors. 
Externalizing symptoms. Similar analyses to those described above were 
conducted to explore Externalizing symptoms. To begin with, section scores were entered 
as predictor variables, with the Externalizing score on the CBCL as the dependent 
variable. Aside from multicollinearity between the Touch Processing and Auditory 
Processing sections (noted earlier), no other violations of assumptions were noted. The 
linear combination of predictor variables significantly predicted Externalizing behaviors: 
F(6, 61) = 11.68,p < .0005. The multiple correlation coefficient was .731, indicating that 
49% (adjusted) ofthe variance in Externalizing behaviors was predicted by section 
scores. Standardized regression coefficients of the individual predictors indicated that the 
Touch Processing (beta = -.469,p = .003) section significantly predicted Externalizing 
behaviors. 
Factor scores were then entered as predictor variables. Each of the predictors was 
adequately correlated with the dependent variable, with the exclusion of factors 8 
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(Sedentary; r = -.07) and 9 (Fine MotorlPerceptual; r = .000). No other violations of 
assumptions were noted. The linear combination of factor scores significantly predicted 
Externalizing behaviors: F(9, 58) = 9.6l,p < .0005. The multiple correlation coefficient 
was .774, indicating that 54% (adjusted) ofthe variance in Externalizing behaviors was 
predicted by factor scores. Standardized regression coefficients of the individual 
predictors indicated that factor 1 (Sensory Seeking; beta = -.4l8,p = .001) significantly 
predicted Externalizing behaviors. 
Infant/Toddler Version 
Internalizing symptoms. Exploratory standard multiple regression analyses were 
conducted, across diagnostic groups, to determine if SP scores contributed significant 
variance to the CBCL Internalizing problems score. As before, analyses were conducted 
separately with original scores and transformed scores. There were no important 
differences, thus non-transformed scores were used in the following analyses. Section 
scores were entered as predictor variables of the dependent variable, Internalizing 
behaviors score. No major violations of assumption were noted. Results indicated that the 
linear combination of predictor variables significantly predicted Internalizing problem 
behaviors on the CBCL: F(5, 93) = 12.76, p < .0005. The multiple correlation coefficient 
was .638, indicating that 41 % of the variance in Internalizing behaviors was predicted by 
section scores. Standardized regression coefficients of the individual predictors indicated 
that the Auditory Processing (beta = -.382, p < .0005) and Tactile Processing sections 
(beta = -.341, p = .001) significantly predicted Internalizing behaviors. 
Next, factor scores were entered as predictor variables ofthe CBCL Internalizing 
behavior problems score. Each of the factors, excluding factor 4 (Oral Sensory), was 
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adequately correlated with the dependent variable. No other violations of assumptions 
were noted. The linear combination of factor scores significantly predicted Internalizing 
problem behaviors: F(6, 92) = 18.01,p <" .0005. The sample multiple correlation 
coefficient was .735, indicating that 54% ofthe variance in the Internalizing problems 
score was predicted by factor scores. Standardized regression coefficients of the 
individual predictors indicated that factors 2 (Low Threshold-Context; beta = -.375,p < 
.0005),6 (Avoiding; beta = -.342,p < .0005), and 5 (Low Registration; beta = -.235,p = 
.004) significantly predicted mternalizing behaviors. 
Externalizing symptoms. Similar analyses to those described above were 
conducted to explore Externalizing symptoms. To begin with, section scores were entered 
as predictor variables. No violations of assumptions were noted. The linear combination 
of section scores significantly predicted the Externalizing score on the CBCL: F(5, 93) = 
12.63,p < .0005. The multiple correlation coefficient was .636, indicating that 40% of the 
variance in the Externalizing behaviors score is accounted for by section scores. 
Standardized regression coefficients of the individual predictors indicated that the Tactile 
Processing (beta = -.357, p < .0005) section significantly predicted Externalizing 
behaviors. 
Finally, factor scores were entered as predictor variables of the CBCL 
Externalizing behaviors score. No violations of assumptions were noted. The linear 
combination of factor scores significantly predicted Externalizing problem behaviors: 
F(6, 92) = 8.40,p < .0005. The multiple correlation coefficient was .595, indicating that 
35% of the variance in the Externalizing problems score was predicted by factor scores. 
Standardized regression coefficients of the individual predictors indicated that factors 1 
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(Seeking; beta = -.301,p = .002) and 5 (Low Registration; beta = -.280,p = .004) 
significantly predicted Externalizing behaviors. 
Descriptive Statistics 
- - -- . - --- .. ... -
Descriptive statistics were obtained for SP scores to develop reference norms 
tables. Statistics include the following: mean, median, standard deviation, minimum, and 
maximum. Tables were developed for each version of the SP . For the original version, 
descriptive statistics were provided for the overall clinic-referred sample (Table 13), for 
the ASD sample (Table 14), and for the sample of children with other developmental 
disabilities (Table 15). Similar tables were provided for the Infant/Toddler version 
(Tables 16-18). 
In addition, descriptive statistics were obtained for CBCL Internalizing and 
Externalizing score for the clinic-referred (Table 19), ASD (Table 20), and other 
developmental disabilities (Table 21) samples. Statistics include the following: mean, 
median, standard deviation, minimum, and maximum. 
61 
.----. - - -
Table 13 
Norms Table of Original Sensory Profile Scoresfor Clinic-Referred Sample (n = 68) 
Mean Median Standard Minimum Maximum 
Deviation 
Quadrants 
Low ReQistration 61.51 62 6.56 46 74 
Sensation Seeking 86.43 85 17.30 52 128 
Sensory Sensitivity 73.74 75 12.49 41 98 
Sensation Avoiding 106.15 107 15.13 65 142 
Sections 
Auditory 25.72 25 5.83 15 40 
Visual 33.76 33 6.02 20 45 
Vestibular 44.07 44.5 6.43 20 55 
Touch 65.81 65.5 12.19 37 90 
Multisensory 23.38 24 5.25 11 35 
Oral 42.37 43 10.61 18 60 
Factors 
Sensory Seeking 52.97 53.5 13.33 25 85 
Emotionally Reactive 52.71 53.5 11.23 31 80 
Low Endurance/Tone 41.04 42 .5 4.5 28 45 
Oral Sensory Sensitivity 31.75 32 9.49 12 45 
Inattention/Distractibility 21.4 21 5.06 12 35 
Poor Registration 31.76 32 4.66 22 40 
Sensory Sensitivity 17.87 19 2.41 10 20 
Sedentary 14.28 14 3.36 6 20 
Fine Motor/Perceptual 7.54 7 2.51 3 13 
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Table 14 
Norms Table of Original Sensory Profile Scores for Autism Spectrum Disorder Sample (n = 33 
Mean Median Standard Minimum Maximum 
Deviation 
Quadrants 
Low Registration 62.27 64 6.68 46 73 
Sensation Seeking 86.33 87 17.20 52 123 
Sensory Sensitivity 71 .36 74 12.20 46 95 
Sensation Avoiding 103.61 102 14.61 65 126 
Sections 
Auditory 25.64 25 6.12 15 39 
Visual 33.33 33 6.67 20 45 
Vestibular 43.73 45 7.06 20 52 
Touch 65.27 63 12.11 37 88 
Multisensory 23.76 24 5.12 13 34 
Oral 40.45 39 11.02 18 59 
Factors 
Sensory Seeking 52.36 53 12.59 25 78 
Emotionally Reactive 51.67 52 9.80 31 71 
Low Endurance/Tone 41 .94 44 4.12 30 45 
Oral Sensory Sensitivity 29.85 30 9.47 15 45 
Inattention/Distractibility 22.06 21 4.85 13 34 
Poor Registration 31.15 32 4.71 22 40 
Sensory Sensitivity 17.61 18 2.46 12 20 
Sedentary 13.91 14 2.88 6 20 
Fine Motor/Perceptual 8.09 8 2.66 3 13 
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Table 15 
Norms Table of Original Sensory Profile Scores Jor Other Developmental Disability Sample (n = 35) 
Mean Median Standard Minimum Maximum 
Deviation 
Quadrants 
Low Registration 60.80 62 6.47 46 74 
Sensation Seeking 86.51 85 17.63 55 128 
Sensory Sensitivity 75.97 77 12.522 41 98 
Sensation Avoiding 108.54 110 15.43 82 142 
Sections 
Auditory 25.80 25 5.63 17 40 
Visual 34.17 33 5.41 23 43 
Vestibular 44.40 44 5.86 35 55 
Touch 66.31 67 12.42 43 90 
Multisensory 23.03 23 5.42 11 35 
Oral 44.17 45 10.04 23 60 
Factors 
Sensory Seeking 53.54 55 14.14 27 85 
Emotionally Reactive 53.69 55 12.49 34 80 
Low Endurance/Tone 40.20 42 4.73 28 45 
Oral Sensory Sensitivity 33.54 34 9.28 12 45 
Inattention/Distractibility 20.77 20 5.25 12 35 
Poor Registration 32.34 33 4.60 22 40 
Sensory Sensitivity 18.1 1 19 2.36 10 20 
Sedentary 14.63 15 3.77 6 20 
Fine Motor/Perceptual 7.03 7 2.28 3 11 
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Table 16 
Norms Table of Infant/Toddler Sensory Profile Scores for Clinic-R~rred Samp[ e (n = 99) 
Mean Median Standard Minimum Maximum 
Deviation 
Quadrants 
Low Registration 37.76 38 6.84 21 52 
Sensation Seeking 34.11 33 8.25 15 55 
Sensory Sensitivity 39.59 40 7.23 23 53 
Sensation Avoiding 37.68 37 8.48 19 55 
Sections 
Auditory 28.57 28 6.58 12 44 
Visual 19.83 19 4.20 13 33 
Tactile 50.73 50 8.99 28 70 
Vestibular 18.46 18 3.10 11 26 
Oral 23.27 24 5.06 13 35 
Factors 
Seeking 27.47 27 6.75 12 45 
Low Threshold (Context) 16.97 18 3.02 7 20 
Low Threshold (Self) 29.83 29 6.85 15 44 
Oral Sensory 10.52 11 3.42 3 15 
Low Registration 14.42 14 4.45 6 25 
Avoiding 9.00 9 2.70 3 15 
Table 17 
Norms Table of Infant/Toddler Sensory Profile Scores for Autism Spectrum Disorder Sample (n ~ 73) 
Mean Median Standard Minimum Maximum 
Deviation 
Quadrants 
Low Registration 37.27 38 7.06 21 52 
Sensation Seeking 34.04 33 8.37 16 55 
Sensory Sensitivity 41.05 41 6.79 23 53 
Sensation Avoiding 37.82 37 8.29 24 53 
Sections 
Auditory 28.15 28 6.65 12 44 
Visual 19.63 19 4.22 13 33 
Tactile 52.48 51 8.06 36 70 
Vestibular 18.40 18 3.01 11 26 
Oral 22.96 24 4.60 13 32 
Factors 
Seeking 27.42 27 6.84 14 45 
Low Threshold (Context) 17.36 18 2.74 10 20 
Low Threshold (Self) 30.68 30 6.38 18 44 
Oral Sensory 10.55 11 3.28 3 15 
Low Registration 13.84 13 4.59 6 25 
Avoiding 8.93 9 2.53 4 15 
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Table 18 
Norms Table of Infant/Toddler Sensory Profile Scores for Other Developmental Disability Sample 
(n = 26) 
Mean Median Standard Minimum Maximum 
Deviation 
Quadrants 
Low Registration 39.12 40 6.09 23 49 
Sensation Seeking 34.31 33 8.05 15 48 
Sensory Sensitivity 35.46 35 6.94 23 49 
Sensation Avoidin_9 37.27 37 9.15 19 55 
Sections 
Auditory 29.73 28.5 6.35 19 44 
Visual 20.38 19.5 4.18 13 27 
Tactile 45.81 45 9.75 28 68 
Vestibular 18.65 18 3.41 13 25 
Oral 24.15 25.5 6.20 14 35 
Factors 
Seeking 27.62 27.5 6.62 12 40 
Low Threshold (Context) 15.88 16.5 3.53 7 20 
Low Threshold (Self) 27.42 28.5 7.65 15 43 
Oral Sensory 10.42 10.5 3.84 4 15 
Low Registration 16.08 15.5 3.62 6 22 
AvoidinQ 9.19 10 3.16 3 15 
66 
Table 19 
Child Behavior Checklist Scores for Clinic-Referred Sample (n = 167) 
Mean Median Standard Minimum Maximum 
Deviation 
Internalizing Problems 63.06 62 9.24 37 89 
Externalizing Problems 63.22 62 11.75 32 95 
Table 20 
Child Behavior Checklist Scores for Autism Spectrum Disorder Sample (n = 106) 
Mean Median Standard Minimum Maximum 
Deviation 
Internalizing Problems 62.94 62.5 8.26 41 89 
Externalizing Problems 61.71 61 10.88 35 95 
Table 21 
Ch "ld B h . Ch kt t S fi Oth D I e aVlor ec IS cores or er tID· b·l"tyS I (; 61) eve opmen a zsa z z ample n = 
Mean Median Standard Minimum Maximum 
Deviation 
Internalizi"-Q Problems 63.26 62 10.80 37 86 
Externalizing Problems 65.85 66 12.79 32 92 
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DISCUSSION 
Validity of Quadrant Model 
The first aim of this study was to investigate the validity of Dunn's (1997) 
quadrant model with both the original and the Infant/Toddler versions of the SP, using a 
clinic-referred sample of children between the ages of 18 and 71 months with the 
following diagnoses: AD, PDD-NOS, Global Developmental Delay, Mental 
RetardationIBorderline Intellectual Functioning, Expressive or Mixed Receptive-
Expressive Language Disorder, Communication Disorder NOS, or a dual diagnosis of ·, 
Global Developmental Delay and a communication disorder. 
For the original version ofthe SP, numerous analyses indicated that a one-factor 
solution was most interpretable for the items, indicating no support for Dunn's (1997) 
quadrant model. For the Infant/Toddler version, initial analyses suggested a three-factor 
solution; however, additional, more statistically robust ~nalyses strongly supported a one-
factor solution, again providing no support for Dunn's quadrant mode1. Finally, inter-
correlations between quadrants yielded significant overlap between quadrants for both 
versions. In sum, the current study did not find support for the validity of Dunn's 
quadrant model for either version with the specified sample. 
The present findings suggest'that a single construct, rather than four constructs, or 
quadrants, may underlie sensory symptoms in this clinic-referred sample, With regard to 
children with ASDs, this explanation fits with findings from Kern et al. (2007b). Kern 
and colleagues investigated sensory symptoms on the original version of the SP among 
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individuals with autism and found a significant positive correlation between the Auditory, 
Visual, Touch, Oral, and Multisensory Processing section scores. The researchers also 
found that high threshold responses were correlated with low threshold responses across 
sensory modalities (with 3 exceptions out of 45 comparisons). In other words, a high 
threshold response in the Visual Processing domain was significantly correlated with a 
low threshold response in the same domain, and so on. Furthermore, Kern et aI. (2007a) 
found that children with autism evidenced significantly greater sensory symptomatology 
compared to typically-developing children on each of the four quadrants. Thus, Kern et 
al. 's results appear to corroborate the present conclusion that the SP yields a single 
construct underlying sensory symptoms for children with ASDs. ill addition, other 
researchers have found substantial heterogeneity and variability in sensory symptoms 
among children with ASDs (e.g., Kientz & Dunn, 1997; Dunn, 1999; Watling, Deitz, & 
White, 2ooi; Lincoln, Courchesne, Harms, & Allen, 1995), again suggesting a pervasive 
dysfunction in sensory abilities among children with ASDs, rather than distinct pockets 
of dysfunction, consistent with the present findings. 
Finally, it may be that these findings predict that Dunn's (1997) quadrant model 
would be empirically unfounded regardless of sample. Indeed, Dunn and Daniels (2002) 
found only partial support for the Sensory Sensitivity, Sensation Avoiding, and Low 
Registration quadrants with typically developing children on the illfantlToddler version 
of the SP. fu addition, consistent with findings from the present study, Dunn and Daniels 
also found considerable overlap between the Sensory Sensitivity and Sensation Avoiding 
quadrants, indicating dubious distinctness between these two quadrants. Consequently, 
the findings from the current study in conjunction with the results from Dunn and Daniels 
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challenge the validity of the quadrant model. Furthennore, the lack of empirical validity 
of the quadrant model renders the clinical utility of the model suspect. Therefore, the use 
of quadrant scores to inform treatment or predict behavioral responses should be 
undertaken with caution. 
Limitations of the current study included a small sample size, poor participant-
item ratio, and inadequate inter-item correlations for the first-order PCA (involving 
individual items contributing to quadrant scores) for both versions of the SP. Although a 
first-order PCA would have been most appropriate for the purpose of the current study, 
the significant limitations necessitated second-order PCAs. Unfortunately, the second-
order PCAs also suffered from some limitations. Notably, only 66% of the items 
comprising the factors overlapped with items contributing to quadrant scores for the 
original version, and 75% for the Infant/Toddler version. However, for the Infant/Toddler 
version, items comprising the sections overlapped 94% with quadrant items. Importantly, 
this second-order PCA yielded the most conclusive finding, supporting a single-factor 
model for the Infant/Toddler SP with this sample. Finally, the inclusion of children 
exceeding 36 months of age in the Infant/Toddler sample represents an important 
limitation to the study. Given these limitations, results should be interpreted with caution 
and future research is necessary to replicate these findings. 
As there is limited empirical support for the quadrant model for both clinic-
referred and typically-developing samples, additional research is necessary to validate 
this model. Future research should explore the quadrant model with all pertinent versions 
of the SP and with sample characteristics that lend sufficient statistical power to elucidate 
a quadrant model if present (i.e., adequate sample size, adequate participant-item ratio, 
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and first-order PCA with individual items). Additionally, particular attention should be 
given to the fit of a three-factor model for the Infant/Toddler version as both the current 
research and other research (Ben-Sasson et aI., 2008) has suggested the possibility of a 
three-factor model for this version of the SP. In particular, Ben-Sasson and colleagues 
described a modification ofDUIlll's quadrant model for the Infant/Toddler version, taken 
from the Interdisciplinary Council on Developmental and Learning Disorders (ICDL), as 
follows: (1) Under-responsivity (Low Registration quadrant score), (2) over-responsivity 
(combination of Sensory Sensitivity and Sensation Avoiding quadrants), and (3) seeking 
(Sensation Seeking quadrant). Interestingly, DUIlll and Daniels' (2002) research partially 
supports this three-factor model, particularly with regard to their findings of greatest 
support for the Sensation Seeking quadrant and the nebulous distinctness between the 
Sensitivity and Avoiding quadrants, which were combined in this three-dimensional 
model. Ultimately, reconstruction of the measure may be necessary to accommodate a 
quadrant model. 
Group Differences in Sensory Symptoms 
The second aim of this study was to examine whether there were differences in 
sensory symptom presentation between children with ASDs and those with other 
developmental disabilities, and between children with AD and those with PDD-NOS. 
Analyses were performed for each version ofthe SP, using both factor and section scores. 
There were no significant findings for the original version ofthe SP, indicating no 
differences in sensory symptoms between any of the groups for this version ofthe 
measure. For the Infant/Toddler version, there was a statistically significant difference 
between the AD group and the non-spectrum group on the Tactile Processing section. 
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illterestingly, children in the AD group evidenced less symptomatology than the non-
spectrum children, contrary to the hypothesis. No other significant differences were 
found. Thus, the hypothesis that children with AD would evidence similar sensory 
symptoms as children with PDD-NOS was supported. 
ill general, these findings suggest that sensory dysfunction, as measured by the 
original and illfantiToddler versions ofthe SP, is not specific to ASDs when compared to 
developmental disabilities ofthe present typology. As noted in the literature review, past 
research is mixed regarding sensory specificity in ASDs, wherein some studies support 
the present findings, reporting analogous sensory symptom presentations between 
children with ASDs and other developmental disabilities (e.g., Wing, 1969; Lincoln etal., 
1995; Stone & Hogan, 1993; Stevens & Gruzelier, 1984), and others support specificity, 
indicating greater or different sensory symptomatology among children with ASDs 
relative to the comparison group (Lord et al., 1993, 1994; Baranek et al., 2006). 
Importantly, however, none of these studies affords a direct comparison to the present 
study due to methodological differences, so caution is necessary when considering past 
research in the interpretation of the present findings. ill sum, the present findings may 
indicate that these versions of the SP are not sensitive enough to detect notable 
differences between AD/ASD and a combined developmental disability group, if a 
difference exists. Thus, although the SP is reported to distinguish between children with 
typical development and those with autism (Dunn, 1999, 2002), it does not appear to 
elucidate unique sensory patterns between disability groups included in this study. 
Alternatively, unique sensory patterns may simply not exist between these clinic-referred 
groups with regard to symptomatology measured by the SP. 
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Next, findings from the current study did not support the presence of important 
differences between AD and PDD-NOS in symptom presentation. The failure to find 
significant ditferences between these groups is consistent with findings from previous 
research (Baranek et al., 2006), including research using an earlier version of the Sensory 
Profile (Kientz and Dunn, 1997), so these findings are not surprising and support the 
consistency of spectrum characteristics, such as sensory dysfunction. 
Finally, the finding that children with AD displayed less tactile symptoms than 
their non-spectrum counterparts is unexpected given the research that supports greater 
sensory dysfunction, in general, among children with AD/ ASD relative to children with 
other developmental disabilities (noted earlier), as well as research revealing greater 
tactile symptoms among children with AD relative to a comparison sample with 
developmental disabilities on the Short SP (Rogers, Hepburn, & Wehner, 2003). 
Although Rogers et al. 's study largely contradicts the present findings methodological 
differences in measurement prohibit direct comparison. Replication is necessary in order 
to justify the interpretation that this result reflects a true difference between groups in 
tactile symptoms. 
Although there were no serious violations of assumptions, minor problems with 
the data may have attenuated the robustness of the analyses. In particular, analyses 
conducted with the original version of the SP suffered from limitations in group sample 
size (the AD and PDD-NOS group sizes were < 20) as well as unequal group sizes when 
three diagnostic groups were considered. Similarly, analyses conducted with the 
. Infant/Toddler version suffered from slightly small group sample sizes (the non-spectrum 
and PDD-NOS group sizes were < 30) as well as unequal groups across all analyses. 
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Consequently, the univariate non-normal distribution of some ofthe SP scores may have 
had a greater impact on the results. To adjust for the relatively small group sample sizes, 
however, the more conservative multivariate test of significance, Pillai 's trace, was used. 
In addition, to protect against inflation of a Type I error from multiple tests, a Bonferroni 
adjustment was used for post-hoc analyses. Although these efforts may have enhanced 
the risk of committing a Type IT error, effect sizes indicated that this was not the case as 
the only moderate-to-Iarge effect corresponded with the one finding of significance 
(Tactile section of the Infant/Toddler version). Nonetheless, results should be viewed in 
light ofthese limitations. 
Additional, more methodologically robust studies regarding the specificity of 
sensory dysfunction in autism, relative to the identified comparison group, are needed 
using scores from the SP in order to replicate the present findings. Ideally, future research 
would examine homogenous groups of children with disabilities, matched for 
developmental level, that have overlapping symptomatology with autism that complicates 
accurate diagnosis in young children. These may include the following: children with 
developmental/cognitive delays or impairments, children with severe language disorders, 
and children with genetic disorders that present with similar characteristics to autism 
(e.g., Kabuki syndrome). If the SP was found to be sensitive to differences between 
autism and other developmental disabilities, the clinical utility of this tool would be 
greatly enhanced through its contribution to the process of differential diagnosis. 
Conversely, if the SP remains insensitive to differences between groups, its clinical utility 
would remain in the realm of identifying sensory dysfunction relative to typically 
developing children, and in informing sensory-based treatment. 
74 
Relationship between Sensory Symptoms and Behavior Patterns 
The third aim ofthis study was to explore whether sensory symptoms, as 
measured by the factor and section scores of the SP, predicted either internalizing or 
externalizing problem behaviors, as measured by the CBCL. A significant relationship 
was found across SP scores (section and factor) and versions (original and 
Infant/Toddler), with an increase in sensory symptoms related to an increase in CBCL 
problem behaviors in both domains (Internalizing and Externalizing). 
In particular, for the original version, the following SP scores predicted the 
Internalizing score on the CBCL: Vestibular Processing section and Emotionally 
Reactive factor scores. The Touch Processing section and Sensory Seeking factor scores 
contributed to the Externalizing domain. For the InfantlToddler version, the following SP 
scores predicted the Internalizing score of the CBCL: Auditory and Tactile Processing 
sections, as well as Low Threshold-Context, Avoiding, and Low Registration factors. The 
Tactile Processing section as well as the Seeking and Low Registration factor scores 
contributed to the Externalizing domain (Table 22). 
Table 22 
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Internalizing Externalizing 
Original Version 
Sections Vestibular Touch 
Factors Emotionally Reactive . Sensory Seeking 
InfantfToddler Version 
Sections Auditory Tactile 
Tactile 
Factors Low Threshold-Context Seeking 
Avoiding Low Registration 
Low Registration 
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Original Version 
The current findings represent preliminary data supporting a link between sensory 
dysfunction and internalizing or externalizing behavior problems for this clinic-referred 
sample. Although no research was identified that was directly relevant to the present 
sample, researchers (Mangeot et aI., 2001) have found converging results with children 
with Attention-Deficit/Hyperactivity Disorder (ADHD) on the Short SP (McIntosh, 
Miller, Shyu, & Dunn, 1999). In particular, for a sample of children between the ages of 
5 and 13, Mangeot and colleagues discovered that the Movement Sensitivity domain of 
the Short SP (a corollary to the Vestibular Processing section on the original version) was 
. correlated with the Somatic Complaints sub scale of the CBCL, which loads on the 
Internalizing domain. Dysfunction in the vestibular modality is logically linked to 
somatic complaints as dysfunction in the vestibular system may lead to nausea, 
headaches, or vomiting. Consequently, it is possible that this section score was found to 
be predictive of internalizing behaviors simply because of its relationship to the Somatic 
Complaints domain of the CBCL. Nonetheless, Mangeot et aL's findings lend partial 
support to this study's results that vestibular processing dysfunction predicts internalizing 
behaviors. 
Next, the researchers also found that Tactile Sensitivity and Seeks Sensation 
domains on the Short SP were significantly correlated with the Aggressive Behavior 
subscale of the CBCL. These domains on the Short SP logically correspond to the Touch 
section and Sensory Seeking factor identified through the current study, and the 
Aggressive Behavior subscale loads on the Externalizing domain of the CBCL. Again, 
Mangeot and colleagues' (2001) findings bear striking resemblance to the present results 
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and suggest that dysfunction in the tactile processing modality as well as a tendency to 
seek sensory input correspond to externalizing behaviors. Interestingly, these sensory 
symptoms are found to predict externalizing behaviors on the Infant/Toddler version as 
well (discussed in a subsequent section). 
As there was no corollary in the Short SP to the Emotionally Reactive factor of 
the original version, this factor was not supported by Mangeot et al. ' s (2001) research as 
correlating with the CBCL. Nonetheless, the relationship between the Emotionally 
Reactive factor and the Internalizing behaviors domain on the CBCL conceptually 
follows based on the overlapping content of the items that load on those scales (e.g., 
emotional sensitivity, fearfulness, anxiety, immaturity, and difficulty tolerating change). 
In sum, the logical nature of the identified relationships as well as the converging 
support of Mangeot et aI.'s (2001) study lend weight to the interpr~tation that the current 
findings represent a true relationship between sensory symptoms and problematic 
behaviors in the identified sample. 
Infant/Toddler Version 
Similar to the original version of the SP, findings from the Infant/Toddler version 
provide preliminary data supporting a link between sensory dysfunction and internalizing 
or externalizing behavior problems for this clinic-referred sample. Again, although no 
research was identified that was directly relevant to the present sample, one converging 
line of evidence was found with regard to sensory processing modalities (i.e., section 
scores). In particular, Goldsmith et aI., (2006) utilized the Sensory Defensiveness scales 
ofthe Toddler Behavior Assessment Questionnaire (TBAQ; Goldsmith, 1996) to assess 
sensory dysfunction, and the Internalizing and Externalizing domains of the Infant-
77 
~~ . ~.-... -.-. -~~.- ---. " ... --- - - --_. ~ _. __ ..... _--- - ------._ .. _- - - --
Toddler Social and Emotional Assessment. (ITSEA; Carter & Briggs-Gowan, 2000) to 
assess behavior problems in a sample of apparent typically-developing twins (i.e., no 
diagnosis was reported) between the ages of 11 and 36 months. Results revealed that 
internalizing symptoms were significantly correlated with the tactile and auditory 
defensiveness scales, whereas externalizing symptoms were significantly associated with 
the tactile scale. Again, research supports a relationship between tactile sensitivity and 
externalizing behaviors. With regard to Goldsmith et al. 's finding of both tactile and 
auditory scales contributing to the internalizing score, it is of note that these scales were 
significantly correlated. Moreover, in the current study, these scales were also 
significantly correlated; more correlated, in fact, than any other scale combination. Thus, 
perhaps the auditory section is a better predictor 0 f internalizing symptoms (as evidenced 
by a higher loading to the Internalizing scale in the current study), but because of its 
correlation with the tactile section, both scores statistically predict internalizing 
symptoms. However, the convergence ofthis research with the current study lends weight 
to the interpretation that these findings represent a true relationship between dysfunction 
in sensory processing modalities and problematic behaviors in the identified sample. 
With regard to factor scores, the absence of both salient research and behavioral 
descriptions of factors precludes facile explication of the results. However, explanation of 
these findings may be augmented by examining relevant introversion-extraversion 
literature as some authors have suggested a link between introversion/extraversion and 
internalizing/externalizing behaviors (Bauer & Achenbach, 1976; Mervielde, De clercq, 
De Fruyt, & Van Leeuwen, 2006). In particular, with regard to the Seeking and Avoiding 
factors, one study in particular demonstrated that individuals scoring high in extraversion 
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tend to amplify incoming stimulation (e.g., seek input) and those scoring low in 
extraversion (i.e., introverts) attempt to reduce stimulus intensity (e.g., avoid input) 
(Friedman & Meares, 1979); findings roughly corresponding to the current results 
suggesting that extemalizers seek sensory input and intemalizers avoid sensory input. 
Furthermore, the relationship between the Low Threshold-Context factor and the 
Internalizing behaviors domain may be also explained through its parallel with 
introversion research. Notably, introverts have been found to have lower thresholds of 
arousal as well as lower thresholds to sensory input reflecting greater sensory sensitivity 
and reactivity (Stelmack, 1990). Thus, given the proposed link between introversion and 
internalizing behaviors, the present finding logically follows. 
Finally, with regard to the Low Registration factor predicting both internalizing 
and externalizing behaviors on the CBCL, an obvious explanation of this finding is that 
there may be distinct subsets of children who evidence low registration, with one group 
displaying internalizing behaviors and another group displaying externalizing behaviors. 
Another, less apparent reason for this finding may relate to the interaction between the 
content of the factor items and the nature ofthesample. Particularly, the five items that 
comprise the Low Registration factor correspond to characteristic symptoms of autism 
(e.g., need to speak loudly or touch the child to gain his or her attention, child exhibits 
long latency of responding to familiar voices or his or her name, and avoidance of eye 
contact). Additionally, the sample was characterized by clinic-referred children, most of 
whom were suspected of having autism, and 74% of whom received an ASD diagnosis. 
Thus, in this sample, the Low Registration factor may inadvertently be serving as a 
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marker for autism-related symptomatology versus a measurement of poor registration of 
sensory input, thus confounding the results. 
The existence of a relationship between sensory dysfunction, as measured by the 
SP, and behavior problems may enhance the clinical utility of the SP in multidisciplinary 
settings as it will infonn not only sensory perspectives toward assessment and treatment, 
but also behavioral perspectives. Furthermore, understanding the link between sensory 
symptoms and behavioral disturbances may encourage a sensory-based interpretation of 
problematic behaviors, when relevant, as well as inform a treatment protocol that serves 
to address underlying sensory functions of maladaptive behaviors. 
One notable limitation of the current study was an inadequate sample size for the 
original version across-groups analyses, as well as an insufficient ASD group size, for 
both versions, that prevented exploration of the sensory-behavior relationship for a 
distinct ASD group. Furthermore, as the regression analyses were exploratory due to a 
lack of theoretical guidance from the literature, the likelihood of committing a Type I 
error may have been inflated. Additionally, the normality assumption was violated with 
regard to certain section and factor scores (identified earlier). Although scale 
transformations were conducted where possible with these scores, transformed scores did 
not yield differing results, so analyses were conducted with various non-nonnal scale 
distributions. Moreover, a moderate degree of multicollinearity between the Auditory . 
Processing and Touch Processing sections on the original version ofthe SP was present, 
although this did not appear to affect results. Thus, despite accommodating for limitations 
in sample size by using an adjusted R square value, and protecting against the risk of 
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committing a Type I error by using a more conservative alpha level, results should be 
interpreted cautiously. 
Given the limitations of this study, additional research is necessary with both a 
larger sample and a more theoretically-driven regression model designed to specifically 
replicate the observed relationships between sensory symptoms and CBCL Internalizing 
or Externalizing problem behavior scores in the identified sample, and to explore these 
relationships with an ASD sample exclusively. A logical extension of the CUlTent study 
would include examination of children with specific internalizing or externalizing 
disorders to ascertain whether various diagnoses predict specific patterns of sensory 
dysfunction. Furthermore, given the relationship between introversion/extraversion and 
responses to sensory input, empirical exploration into the relationship between these 
personality dimensions and sensory symptoms measured by the SP may augment the 
literature base in this area. Finally, it may be worthwhile to determine the relationship, if 
any, between sensory-behavior patterns exhibited by children with disabilities relative to 
sensory-behavior patterns demonstrated by typically-developing children. 
Conclusion 
In conclusion, the present study did not support Dunn's (1997) quadrant model 
with a sample of children with autism and other developmental disabilities. As this model 
has only tenuous support for typically-developing children, the model may have limited 
clinical and research utility across groups, and would benefit from substantive support in 
order to perpetuate this schema of sensory processing patterns. Further conclusions 
indicate a lack of specificity of sensory symptoms for autism relative to other 
developmental disabilities, adding to the continuing debate in this area and necessitating 
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continued research. Finally, this study elucidated a relationship between sensory 
dysfunction and problematic behavioral patterns among children with developmental 
disabilities. Given the widespread presence of both sensory dysfunction and behavioral 
disturbances in children with developmental disabilities in general, and children with 
autism in particular, the clinical implications of this relationship are notable for 
enhancing an awareness of behavioral difficulties associated with aberrant responses to 
sensory input and for encouraging an interdisciplinary perspective toward the treatment 
of the behavioral difficulties of children with developmental disabilities. 
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Infant Toddler Three-Factor Rotated Solution 
Component 
1 2 3 
it13 .803 
it4 .797 
it10 .763 
it7 .738 
it5 .686 
it16 .586 
it41 .547 .331 
it45 .508 
it48 .450 -.346 
it17 .426 
it2 .415 
it20 .363 
it47 
it19 
its .710 
it1 .659 
it26 .637 
it27 .628 
it29 .620 
it11 .306 .603 
it9 .584 
it28 .581 -.304 
it22 .565 
it30 .555 
il40 .501 .387 
it21 .371 .455 
it23 .448 .357 
it25 .405 .444 
it3 .325 .415 
il46 .304 
it35 .664 
it43 .331 .579 
il12 .574 
it42 .565 
it31 .522 
it15 .356 .495 
it14 .312 .489 
il32 .467 
it44 .454 
it33 .424 
it38 .404 
it6 .371 
il24 .343 
il39 .306 
il18 
it37 
il34 
it36 
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